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LITHIUM-ION BATTERY AND METHOD FOR ITS MANUFACTURE 

[0001] This application claims priority from Japanese Patent Application No. 2004- 
366233, filed December 17, 2004, the entire contents of which is incorporated herein by 
reference. 

TECHNICAL FIELD 
[0002] The present invention relates to a high-power battery, particularly to a high-power 
battery suitable as a fuel-cell and a power supply for driving a motor for a hybrid electric 
vehicle. 

BACKGROUND 

[0003] In recent years, against the background of the rising environmental protection 
movement, power supplies for driving a motor and auxiliary power supplies have been 
under development to facilitate the introduction of electric vehicles (EV), hybrid electric 
vehicles (HEV), and fuel-cell vehicles (FCV; including hybrid fuel-cell vehicles). 
Lithium ion secondary batteries, capable of being repeatedly discharged, are used for 
these purposes. When high power and high-energy density are required, it difficult to 
make a large battery in a single unit, so it is common to use assembled batteries 
comprising multiple batteries that are serially connected. It has been suggested to use a 
thin, laminated lithium ion battery as a single-unit battery comprising such assembled 
batteries. 

[0004] The basic structure of a single lithium ion battery making up a battery assembly is 
one in which an anode and cathode are arrayed with an electrolyte layer as a separator 
between them, and the electrolyte layer is typically filled with non-aqueous electrolyte 
solution (liquid electrolyte). The electrolyte layer is typically a porous membrane 
separator of a polyolefin film, such as, for example, polyethylene (PE) and polypropylene 
(PP). As a non-aqueous electrolyte solution (liquid electrolyte), those containing LiPFe, 
etc., are used. 
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SUMMARY 

[0005] However, to maintain reliability as the battery is placed under tensile stress 
(tension) during manufacture or use, in a conventional battery the polyolefm film can be 
made no less than about 10 nm thick. Therefore, when charging and discharging with a 
large electric current, the transfer distance of lithium ions — ^which are reactants — 
becomes longer, internal resistance becomes an influence in that the separator is not 
involved in the battery reaction in switching to a higher power output, and it is difficult to 
extract the necessary output fi-om the battery. 

[0006] In order to effectively utilize these batteries as a power supply for a drive train in a 
vehicle, it is necessary to plan for switching to a smaller, lighter model battery with 
higher output. Consequently, it would be desirable to increase the power output of each 
battery, rather than simply increasing the number of batteries in the battery assembly. 
[0007] To provide a battery with an increased power output, the electrolyte layer that 
separates the anode and cathode should be as thin as possible. 

[0008] In one embodiment, a lithium ion battery includes a cathode, an anode, and an 
electrolyte layer formed between the cathode and the anode. The cathode, the anode, and 
the electrolyte layer constitute a cell element. The electrolyte layer includes an 
arrangement of insulating particles with a plurality of interstitial spaces therebetween, 
with electrolytes occupying at least some of the interstitial spaces. 

[0009] Using insulating particles, it is possible to make an electrolyte layer that is much 
thinner than the minimum thickness of the polyolefin film used in conventional battery 
cell elements. Therefore, the gap between the electrodes can be reduced, and the volume 
of the pores between the particles can be increased compared to a conventional polyolefin 
film. Therefore, the power output of the battery can be increased, and necessary energy 
can be derived even during recharging and discharging with a large current. The 
insulating particles also function as a separator to maintain the gap between the electrodes 
so that the facing anode and cathode do not come into contact. 

[0010] The lithium ion battery described in this disclosure can be used in any application, 
and the increased cell voltage, high energy density and high output of the lithium ion 
battery makes it particularly suitable for use in the power trains of vehicles. 
[0011] In another embodiment, a method for manufacturing a battery includes applying 
insulating particles and an electrolytic polymer to form an electrolyte layer, wherein the 
polymer occupies at least some of a plurality of interstitial spaces between the insulating 
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particles. The method further includes layering the electrolyte layer between a cathode 
and an anode, wherein the cathode and the anode are facing each other. 
[0012] In yet another embodiment, a battery assembly includes multiple connected 
batteries, wherein each of the connected batteries includes layered cell elements including 
a cathode and an anode that are facing each other, and an electrolyte layer between the 
cathode and the anode. Lithium ions can be inserted into and removed from the cathode 
and the anode through the electrolyte layer. The electrolyte layer includes insulating 
particles and electrolytes, and the electrolytes occupy at least some of a plurality of 
interstitial spaces between the insulating particles. 

[0013] In yet another embodiment, a vehicle has a battery assembly with multiple 
connected batteries mounted as a power supply for a drive train of the vehicle. Each of 
the connected batteries includes layered cell elements including a cathode and an anode 
that are facing each other, and an electrolyte layer between the cathode and the anode. 
Lithium ions can be inserted into and removed from the cathode and the anode through 
the electrolyte layer. The electrolyte layer includes insulating particles and electrolytes 
positioned such that the electrolytes occupy at least some of a plurality of interstitial 
spaces between the insulating particles. 

[0014] In yet another embodiment, a method of manufacturing a lithium ion battery 
includes applying insulating particles on a substrate with a first coating means. The 
method further includes applying an electrolytic polymer in at least some of a plurality of 
interstitial spaces between the insulating particles with a second coating means to form an 
electrolyte layer, and layering the electrolj^e layer between a cathode and an anode. 
[0015] The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and 
advantages of the invention will be apparent from the description and drawings, and from 
the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] FIG. 1 is a cross-sectional schematic view representing exemplary structure of a 
bipolar electrode of one embodiment of a bipolar battery consistent with an embodiment 
of invention. 

[0017] FIG. 2 is a cross-sectional schematic view representing exemplary structure of a 
cell layer (unit cell) of the bipolar battery consistent with an embodiment of invention. 
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[0018] FIG. 3 is a cross-sectional schematic view representing an exemplary embodiment 
of the bipolar battery consistent with an embodiment of invention. 

[0019] FIG. 4 is a schematic view representing exemplary configuration of the bipolar 
battery consistent with an embodiment of invention. 

[0020] FIG. 5A is a simplified cross-sectional view representing an exemplary battery 
element (cell layer) structure of the battery described herein. 

[0021] FIG. 5B is a simplified two-dimensional view representing an exemplary 
electrolyte layer structure revealed when viewed downward from the cross-sectional 
plane through B-B of FIG. 5 A. 

[0022] FIG. 5C is a simplified cross-sectional view representing the battery element (cell 
layer) structure of an exemplary conventional battery. 

[0023] FIG. SD is a simplified two-dimensional view showing another example of 
horizontal placement of electrolyte and insulating particles in an exemplary electrolyte 
layer consistent with an embodiment of the invention. 

[0024] FIG. 5E is an enlarged plan view representing an example appearance of 
exemplary insulating particles and electrolyte polymer in one circle obtained by enlarging 
one circle (comprising a single droplet) in FIG. SD. 

[0025] FIG. 6A~6C are simplified two-dimensional views showing three other examples 
of horizontal placement of electrolyte and insulating particles in the exemplary electrolyte 
layer. 

[0026] FIG. 7A is a cross-sectional schematic view representing one embodiment of the 
distributed pattern of insulating particles in the direction of thickness of the electrolyte 
layer. 

[0027] FIG. 7B is a cross-sectional schematic view representing another embodiment of 
the distributed pattern of insulating particles in the direction of thickness of the electrolyte 
layer. 

[0028] FIG. 7C is a cross-sectional schematic view representing an additional 
embodiment of the distributed pattern of insulating particles in the direction of thickness 
of the electrolyte layer. 

[0029] FIG. 7D is a two-dimensional schematic view representing an exemplary 
appearance of horizontal placement in which the placement pattern of insulating particles 
along the thickness of the electrolyte layer of FIG. 7C is viewed horizontally. 
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DETAILED DESCRIPTION 

[0030] FIGS. 1 to 5A-5E illustrate the overview of the basic configuration of a stacked 
bipolar lithium ion secondary battery (hereinafter, abbreviated simply as "bipolar 
battery"). FIG. 1 shows a schematic cross-sectional view illustrating exemplary structure 
of bipolar electrodes that make up one embodiment of a bipolar battery consistent with an 
embodiment of invention. FIG. 2 shows a schematic cross-sectional view illustrating 
exemplary structure of a cell element (hereinafter, also referred to simply as a "cell 
layer"), wherein an anode and a cathode — ^in and from which lithium ions can be inserted 
and removed through an electrolyte layer that makes up a bipolar battery — are facing 
each other. FIG. 3 shows a schematic cross-sectional view illustrating an exemplary 
overall structure of the bipolar battery consistent with an embodiment of invention. FIG. 
4 shows a schematic diagram conceptually (through symbols) showing one exemplary 
configiu-ation in which the multiple cell layers that are layered in the bipolar battery are 
serially connected. 

[0031] As shown in FIGS. 1 to 4, in the bipolar battery of this invention, a bipolar 
electrode 5 as shown in FIG. 1, in which an anode 2 is provided on one side of a collector 
1, and a cathode 3 is provided on the other side, is placed so that the anode 2 and cathode 
3 are facing each other with an electrolyte layer 4 in between. That is, a bipolar battery 1 1 
consists of an electrode layered body (battery element) 7 with a structure in which 
multiple bipolar batteries 5 that have an anode 2 on one side of the collector 1 and a 
cathode 3 on the other side are layered with electrolyte layers 4 in between. Moreover, an 
electrode in the top layer 5a and an electrode in the bottom layer 5b (electrodes to extract 
the current) of the electrode layered body 7 can be configured to form single-sided 
electrodes (anode 2 or cathode 3) necessary for the collector 1 (refer to FIG. 3). The 
electrodes 5a and 5b for extracting the current can also be considered as one of the bipolar 
electrodes. Moreover, in the bipolar battery 1 1, an anode lead 8 and cathode lead 9 are 
respectively joined to the collector 1 or high-current tab of the top layer and bottom layer. 
[0032] The number of layers in the bipolar electrode is adjusted according to the desired 
voltage. The number of layers in the bipolar electrode may be lessened if sufficient power 
can be assured when the thickness of the sheet-shaped battery is as thin as possible. 
[0033] Moreover, it is preferable for the bipolar battery 1 1 to have a structure in which 
the portion of the electrode layered body 7 is sealed under reduced pressure in a battery 
casing 10 and the electrode leads 8 and 9 are relocated to the outside of the battery casing 
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10 in order to prevent shock from the outside and environmental degradation w^hen used 
(refer to FIGS. 3 and 4), In terms of the reduction in weight, it is preferable to have a 
structure in which polymer-metal composite laminate film is used for casing 10, the 
electrode layered body 7 is sealed under reduced pressure (hermetically sealed) in the 
battery casing 10 by fusing part or all of the surrounding parts through thermal adhesion, 
and the electrode leads 8 and 9 are relocated to the outside of the battery casing 10. The 
basic configuration of this bipolar battery 1 1, as shown in FIG. 4, can also be regarded as 
a configuration in which cell elements 6 (cell layers (unit cells)), wherein an anode and a 
cathode — in and from which lithium ions can be inserted and removed through an 
electrolyte layer that makes up the bipolar battery — ^are facing each other and are serial- 
connected. 

[0034] FIG. 5 A is a schematic cross-sectional view illustrating the structure of the cell 
element (cell layer) of the battery in this invention, and FIG. 5C is a schematic cross- 
sectional view illustrating the structure of the cell element (cell layer) of a conventional 
battery. FIG. 5B is a view of the schematic plan illustrating the structure of the electrolyte 
layer when viewed downward fi-om the cross-sectional plane through B-B in FIG. 5 A. 
[0035] In the structure of a conventional battery, as shown in FIG. 5C, the electrolyte 
layer is layered in between the facing anode 2 and cathode 3. This electrolyte layer 4 
consists of separators 4c (in FIG. 5C, the example of the porous membrane film with a 
three-layer structure of PP/PE/PP) that hold liquid or solid electrolytes (including gel 
electrolyte). 

[0036] In a separator such as the separator 4 described above, the minimum thickness of 
the film is about 10 ^im, so higher power output is limited due to the internal resistance of 
the separator part. Moreover, when solid electrolytes are used for the electrolyte layer 4, 
and as the thickness of the separator is reduced, handling the separator that holds the solid 
electrolyte becomes more difficult when layering the separator. Also, there are risks of 
incorporating air into the interface between the layers of the electrode and the separator, 
which would lead to a decrease in battery performance. In addition, when solid 
electrolytes are used for the electrolyte layer 4, the electrolyte layer can be formed 
without using a separator. However, in this case there is the risk that when flie battery is 
pressed due to vibration, shocks, etc., during handling at the manufacturing stage or while 
in use, the electrolyte layer may be deformed fi-om pressure. As a result, the facing anode 
and cathode may come into contact, since the strength of the electrolyte layer for 
maintaining the gap between the electrodes against such pressure is weak. Furthermore, 
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with gel electrolyte, the gel may get pushed out of the gap between the electrodes by 
pressure, so it is necessary to improve the adhesive strength of the insulating seal layer 
provided on the periphery of the gap of the electrodes. 

[0037] Moreover, in the structure of the lithium battery of the invention, as shown in FIG. 
5 A, the electrolyte layer 4 is layered between the facing anode 2 and cathode 3. However, 
the structure of the invention is one in which insulating particles 4a as a separator 
substitute material are placed in the electrolyte layer 4 between the anode and cathode, 
and electrolytes 4b are held in at least some of the interstitial spaces, preferably 
substantially all of the interstitial spaces, between the insulating particles. As a result, the 
insulating particles 4a function as a separator, maintaining the gap between the electrodes 
so that the facing anode 2 and cathode 3 do not come into contact. Moreover, because of 
this structure, the strength of the electrolyte layer 4 for maintaining the gap between the 
electrodes against pressure is maintained sufficiently by the insulating particles 4 even 
when the battery is pressed. Thus, the layer does not deform easily, and the facing anode 
and cathode do not come into contact. Furthermore, the gel electrolyte is not easily 
pushed out from the gap between the electrodes by pressure, so it is not necessary to 
improve the adhesive strength of the insulating seal layer (refer to 6' in FIG. 3) beyond 
necessity. 

[0038] Furthermore, in the lithium ion battery of the invention, as described later, the 
insulating particles 4a, and even the electrolytes 4b, can be placed using an ink-jet printer. 
Therefore, the incorporation of air into the interface between the layers of the electrode 
and the electrolyte layer can be prevented, and the decrease of battery performance can be 
suppressed effectively. Moreover, the gap between the electrodes can be thinner (shorter) 
than the minimum thickness of existing separator films by using insulating particles that 
are smaller than the minimum thickness of the existing separator films for the insulating 
particles 4a. Particularly when placing insulating particles 4a by means of an ink-jet 
printer, the gap between the electrodes can be reduced to the particle size of the insulating 
particle as shown in FIG. 5. Specifically, nano-sized insulating particles can now be 
manufactured, and it is possible to make the gap between the electrodes, i.e., the thickness 
of the electrolyte layer, to be 5 ^im or less, as described later. 

[0039] In this invention, the insulating particles are placed so that the facing anode and 
cathode do not come into contact, so the insulating particles that are a separator substitute 
material can function as a separator. FIGS. 6A-6C, as well as FIG. 5B, are schematic plan 
views that illustrate the structure of the electrolyte layer, showing typical examples of the 
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plane arrangement of the insulating particles 4a and the electrolytes 4b in the electrolyte 
layer 4 when the insulating particles are placed so that the facing anode and cathode do 
not come into contact. 

[0040] The arrangement pattern in FIG. 5 B is an example of an arrangement in which the 
insulating particles 4a and electrolyte 4b, which are almost the same size, are alternately 
placed to form rows, and columns are formed by displacement from the radius of the 
insulating particles so that the insulating particles 4a (electrolytes 4b) in adjacent rows 
link with each other. Accordingly, the insulating particles 4a can link with each other, and 
the strength for maintaining the gap between the electrodes can be assured to the extent 
that the electrodes do not come into contact even when the battery is pressed due to an 
external load (such as handling at the manufacturing stage, vibration or shocks received 
while in use, etc). Furthermore, as described later, it is possible to increase the void ratio 
of the interstitial spaces between the insulating particles, i.e., the filling ratio (retention 
ratio) of electrolytes provided between the anode and cathode, aiming for improvement of 
battery performance. The linkage between insulating particles 4a is simply made by 
linking the insulating particles 4a so that the insulating particles 4a are fixed by way of 
solid electrolytes or adhesive materials with the particles in contact with each other, as 
shown in FIG. 5B. 

[0041] FIG. 5D is a simplified two-dimensional view showing another example of 
horizontal placement of electrolyte 4b and insulating particles 4a on the electrolyte layer 
4 when insulating particles are placed so that the facing anode and cathode do not come 
into contact, similar to FIG. 5B. 

[0042] FIG. 5E is an enlarged plan view representing an example appearance of 
exemplary insulating particles and electrolyte polymer in one circle obtained by enlarging 
one circle (comprising a single droplet) in FIG. 5D. 

[0043] FIG. 6A shows an example in which the adjacent insulating particles 4a are 
linearly connected with each other to form columns, and the columns are placed in a 
transverse direction at intervals. This can derive the same effect as that described in FIG, 
5B. 

[0044] FIG. 6B shows an example in which the adjacent insulating particles 4a are 
connected with each other to form a lattice-like (grid-like) arrangement. This allows the 
insulating particles 4a to be connected with each other in two dimensions (to become a 
network), achieving very high strength to maintain the gap between the electrodes to the 
extent that the electrodes do not come into contact even when the battery is pressed by an 
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external load. Furthermore, there is the advantage that even when tensile stress is applied 
to the electrolyte layer (a separator substitute material) in the winding direction as in the 
case of a spiral-wound battery, the necessary strength can be achieved in the winding 
direction. Moreover, it is possible to further improve the capacity for holding the 
electrolytes, because the insulating particles 4a are placed around the periphery of the 
electrolyte layer 4. Therefore, even when electrolytic solution is contained as in the case 
of gel electrolyte, insulating particles on the periphery of the gap between the electrodes 
show an insulating sealing effect even when the insulating seal layer is not provided on 
tiie periphery; thereby, leaching of the electrolytic solution and contact of the collectors 
with each other can be prevented. Furthermore, the void ratio of the interstitial spaces 
between the insulating particles provided between the anode and cathode becomes 
smaller compared to that of FIG. 5B and FIG. 6A, but it can at least be equal to or greater 
than the void ratio of the existing separator, aiming for the improvement of battery 
performance. 

[0045] FIG. 6C, similarly to FIG. 5B, shows an example in which the adjacent insulating 
particles 4a are connected with each other in a zigzag to form columns, and tiie columns 
are placed in a transverse direction at intervals. This can derive the same effect as that 
described in FIG. 5B, 

[0046] In FIGS. 6A-6C, the electrolyte 4b, which is shown homogenously, is electrolytic 
polymer applied separately by means of a conventional application technique after the 
insulating particles are placed using an ink-jet printer. This is because the filling 
efficiency of electrolytes is higher, as the electrolytes are more densely packed and 
retained with minimum space, and the electrolyte polymer is a liquid with high fluidity, 
so it is possible to diffuse it more thoroughly into the space between the insulating 
particles placed previously when it is applied by means of a conventional application 
method. However, electrolyte 4b may be placed using an ink-jet printer as explained in 
FIG, 5B. 

[0047] Moreover, in FIG. 5B, FIGS. 6A and 6C, insulating particles 4a may not be placed 
around the periphery of the electrolyte layer 4, but rather may be placed so that the edge 
of the column of the electrolyte forms the periphery of the electrolyte layer 4, This allows 
gas that may be generated by the electrode reaction during the early stage of charging to 
move through the row of the electrolyte to be released out of the electrolyte layer 4. As a 
result, no gas pool is generated between the electrodes, so it may be possible to 
effectively prevent a decrease in electrode reaction area, which is an advantage. Thus, it is 

9 



Docket No. i085-019WO01 / NM04-02206 



also advantageous that optimum arrangement, which cannot be achieved with existing 
separators, can be selected from FIG. 6B and FIG. 5B, FIGS. 6A and 6C, according to the 
intended use of the battery and electrode performance (presence or absence of gas 
generation), etc. 

[0048] Moreover, in order to keep the strength for maintaining the gap between the 
electrodes to the extent that the electrodes do not come into contact when the battery is 
pressed by an external load, it is sufficient to be aware that the interval (in other words, a 
portion of the electrolyte 4b) between the lines (rows and columns) that are made up from 
the insulating particles does not become too wide, and there is not a particular limitation. 
[0049] In addition, in this invention, the arrangement is not limited to the above 
mentioned arrangement patterns. It is sufficient that the insulating particles be placed so 
that they can function as a separator, or in other words, so that the facing anode and 
cathode do not come into contact. For example, based on the arrangement patterns in FIG. 
5B and FIGS. 6A-6C, at least rows or columns may be inclined at an appropriate angle or 
be made to form a step-like shape, or the lattice-like formation may be changed to parallel 
cross- or meshed pattern; thus, the arrangement of insulating particles can be freely 
changed so that the facing anode and cathode do not come into contact. Therefore, the 
arrangement pattern of the insulating particles along the plane perpendicular to the 
thickness du*ection of the electrolyte layer and the arrangement pattern of the insulating 
particles to the thickness direction of the electrolyte layer as shown in FIG. 7 to be 
described later may or may not be homogenous over the plane and the thickness direction. 
Moreover, the arrangement patterns may be regular or irregular. In addition, the regular 
arrangement patterns along the plane and in the direction of thickness are not necessary to 
prevail over the electrolyte layer, and there may be a portion with regularity mixed with 
an irregular portion within the electrolyte layer. Moreover, in each electrolyte layer of 
multiple cell layers that make up the battery, the arrangement patterns of the insulating 
particles along the plane and in the direction of thickness may be the same or different in 
each cell layer. With regard to such arrangement patterns, it is significantly difficult to 
design the abovementioned arrangement patterns using porous membrane films that are 
made fi^m resins or non-woven sheet separators in conventional batteries. However, in 
this invention, the insulating particles and even electrolytes are placed using an ink-jet 
printer as described later, which allow for handling a wide variety of arrangement 
patterns. 
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[0050] Furthermore, it is preferable that there not be a separator, etc., which is not 
involved in the reaction, between the facing anode and cathode, and that the electrolytes 
are filled there. However, as described above, sufficient strength cannot be achieved with 
only electrolyte when the battery is pressed. Therefore, it is necessary to fill as much 
electrolyte as possible while keeping the strength to the extent that, e.g., short-circuits do 
not occur when the battery is pressed. In order to achieve that, it is necessary to increase 
the void ratio in the separator. However, such a separator ceuinot maintain a film or sheet 
form as the void ratio (porosity) becomes higher, and also the strength is not sufficient 
and it becomes more difficult to handle, so there has been a limit in the void ratio (40- 
50%) for practical use. In this invention, the insulating particles and even electrolytes are 
placed using an ink-jet printer, so an optimized arrangement pattern for the balance 
between the strength and the amount of electrolyte (improvement in battery performance) 
can be achieved. 

[0051] Specifically, the void ratio of the interstitial spaces between the insulating 
particles provided between the anode and cathode is preferably 50-90%, more preferably 
60-80% with respect to an arrangement with the highly dense electrolyte 4b. 
Nevertheless, the preferable range of the void ratio depends on the size and arrangement 
of active material particles (i.e., the degree of concavity and convexity of the surface of 
the electrodes) or insulating particles, so it is not limited to this range. By making the 
above void ratio within the range above, the void ratio equal to or greater than the 
maximum porosity of conventional separators (to the extent that the anode and cathode do 
not come into direct contact) can be achieved, suppressing an increase in internal 
resistance due to the separator part, thereby allowing the battery to have higher power 
output. Specifically, it is possible to take more space for the lithium ions to move firom 
the cathode to the anode (during discharge) compared to that of existing separators (void 
ratio: 40-50%), so internal resistance due to the separator part can be reduced, thereby 
making higher power output possible. An increase in internal resistance due to the 
separator part can be suppressed, so higher power output can be achieved. However, the 
abovementioned void ratio of the invention is not limited to the range above if it is within 
a range in which the effect of the invention is not affected, and the range of 20-90% is 
sufficient for use. 

[0052] Electrolyte 4b occupies at least some of the interstitial spaces as shown in FIG. SB 
and FIGS. 6A--6C, so this part is not left void to make up the battery. Conventionally, in 
order to compare with the void ratio (porosity) of the separator, the void ratio of the 
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interstitial spaces between insulating particles has been used, but, in fact, electrolyte is 
placed there, so it can be paraphrased as the filling ratio (retention ratio) of electrolytes. 
[0053] In this invention, the gap between the electrodes can be thinner (shorter) than the 
minimum thickness of existing separator films by using insulating particles that are 
smaller than the minimum thickness of existing separator films as the insulating particles 
4a. The thickness can be reduced to about 10 ^m at the thinnest by using porous 
membrane films made from polypropylene (PP) that are now most easily made thinner. 
However, by using smaller insulating particles as a separator substitute material, as 
described later, the thickness can be reduced to 10 ^m or less, and even to 5 \im or less. 
In particular, if the ink-jet method is used, uniform application can be achieved using 
insulating particles with a mean particle size of 0.1 \im or less. On the other hand, if the 
insulating particles 4a are smaller than the particle size of the anode or cathode active 
material, the insulating particles can easily go into the active material layer and may not 
function as a separator substitute material. Therefore, the insulating particle must to be 
equal to or larger than the particle size of the anode or cathode active material. 
[0054] In respect to the above, it is sufficient if the mean particle size of the insulating 
particles is within the range of 0.01 jim or larger and 10 |im or smaller, but preferably 
within the range of 0.05-10 ^im, more preferably 0.05-5 jim, and most preferably 0.1-3 
^m. 

[0055] Moreover, in this invention, by using small insulating particles 4a with the mean 
particle size described above, it is possible to make the gap between the electrodes (i.e., 
the thickness of the electrolyte layer) thinner than the minimum thickness (about 10 \im) 
of the existing separator films. As a result, the power output of the battery can be made 
higher. 

[0056] Therefore, the thickness of the electrolyte layer with the insulating particles is 
preferably 10 [xm or less, and more preferably 0.1-5 jim. Existing separators can be made 
thinner to only about 10 jim. However, with the electrolyte layer 4 of the invention, the 
thickness of the electrolyte layer 4 can be freely adjusted by appropriately adjusting the 
mean particle size of insulating particles 4a within the range, and be made thinner to 5 fim 
or less. Furthermore, if the ink-jet method is used, uniform application can be achieved 
using insulating particles with a mean particle size of 0.1 urn or less, and the thickness of 
the electrolyte layer can be made to be 0.1-5 ^m. In this case, it is preferable to reduce 
the concavity and convexity of the surface of the facing anode 2 and cathode 3 and form a 
uniform, flat surface to make it smooth. In order to do this, it may be the preferable to 
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uniformly apply active material particles and conductive auxiliaries particles with a mean 
particle size of 1 ^m or less also on the anode and cathode using the ink-jet method. 
[0057] Next, FIGS. 7A-7C show schematic cross-sectional views of an enlarged structure 
of a portion of the insulating particles expressed as a circle by the synibol 4a in FIG, 5A. 
FIG. 7D is a schematic plan view of a portion of the insulating particles in FIG. 7C. 
[0058] As known by the relation between the thickness of the electrolyte layer 4 and the 
mean particle size of the insulating particles 4a, in this invention, as shown in the FIG. 
7 A, one insulating particle can be placed in the direction of thickness of the electrolyte 
layer. In this case, the thickness of the electrolyte layer is equal to the mean particle size 
of the insulating particles 4a. In other words, each circle expressed by 4a in FIGS. 5A and 
5B as well as FIGS. 6A-6C can be regarded as showing one insulating particle. On the 
other hand, multiple insulating particles 4a can be placed in layers in the direction of 
thickness of the electrolyte layer (also, in a direction perpendicular to the direction of 
thickness of the electrolyte layer) as shown in FIGS. 7B and 7C. In other words, each 
circle expressed by 4a in FIGS. 5A and B as well as FIGS. 6A-6C can be regarded as 
comprising multiple insulating particles, which are layered in the direction of thickness. 
That is, it can be the that each circle expressed by 4a in FIGS. 5A and B as well as FIGS. 
6A-6C shows a portion of insulating particles placed by applying one or more droplets of 
ink including insulating particles, which are discharged from an ink-jet printer. 
[0059] Electrolyte composition and adhesive materials are contained in ink including 
insulating particles, so the insulating particles are fixed to each other or to the electrodes. 
Therefore, for example, when the electrolyte composition is contained in ink including 
insulating particles, as shown in the FIGS. 7A-7C, it is possible to achieve a state in 
which the electrolyte is filled without spaces between the insulating particles 4a and the 
periphery of the insulating particles 4a between the electrodes. 
[0060] As for the arrangement pattern of insulating particles 4a in the direction of 
thickness, it can be designed arbitrarily, similar to the arrangement pattern along the 
plane, without being limited to the arrangement pattern shown in FIGS. 7A-7D. For 
example, the arrangement pattern of insulating particles 4a in the direction of thickness 
may be made by connecting the particles by means of similarly layering the arrangement 
pattern along the plane in the direction of thickness, or in a spiral manner, or by making a 
network with a cubic lattice structure (3-dimensional meshed pattern). Furthermore, they 
may be linked in a linear manner perpendicularly to or at a given inclination in the 
direction of the thickness of the electrolyte layer. Furthermore, the insulating particles 4a 
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may be linked in a dendritic structure (3-dimensional structure), so they can be in an 
arbitral pattern. 

[0061] In other words, in this invention, by placement using a print application method 
by which patterning application is possible, especially an ink-jet method, easy placement 
to form the electrolyte layer 4 may be possible even in a microscopic, complex array. For 
example, microparticulated insulating particles 4a, as well as even the electrolyte 4b, can 
be placed easily at any position one-dimensional ly (linearly), two-dimensionally (flatly) 
or even three-dimensionally (stereoscopically), even in a microscopic, complex array to 
form the electrolyte layer or insulating particle layer. Thus, it is possible to make a 
thinner separator while maintaining the function of a separator, which has been difficult 
with existing separators, so the battery power can be made higher without causing an 
increase in internal resistance or a decrease in the strength of the electrolyte layer. As a 
result, with the thinner electrolyte layer, it is possible to reduce the increase in inner 
resistance due to the substitute separator material and to continue stable charging and 
discharging (power supply), such as being able to extract the necessary energy, even 
when charging or discharging with a large current. Therefore, it is possible to provide a 
high power battery suitable for use as a power supply for vehicles. Furthermore, it is 
possible to reduce the size and weight of the battery, leading to a reduction in total weight 
and total volume of the power supply for a vehicle. 

[0062] For tiie insulating particles 4a, without any specific limitation unless they have 
insulation properties, either organic insulators or inorganic insulators can be used. 
Furthermore, it is sufficient if the surface of the particle is insulated; for example, the 
surface of a conductive particle or semi-conductive particle may be coated with organic 
or inorganic insulators in a single layer or multiple layers. 

[0063] When organic insulators are used for the insulating particles, for such organic 
insulators with alkali resistance, chemical resistance, weather resistance, heat resistance, 
etc., as required for the separator, those used preferably for existing separators can be 
used, but are not specifically limited to these. For example, those insulators made from 
olefin resins such as PP, PE, or a mixture of PP and PE can preferably be utilized in the 
invention. In particular, those organic insulators have melting points at around 120- 
ISC^C, so they can melt as the temperature of the battery rises in an abnormal situation 
and block the movement of ions between the anode and cathode, which is another 
advantage. However, even when other organic insulators are used, by application with a 
smaller void ratio (specifically, with the void ratio limited to about 60-50%), 
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microparticles made from the organic insulators (especially, made from resins) can melt 
as the temperature of the battery rises and block the movement of ions. As a result, in 
addition to higher power output, reliability such as a shut-down effect can be achieved as 
well by using the same materials as existing separators. The mixture of PP and PE 
includes particles that are entirely formed by mixture, and also particles with a multi-layer 
structure in which a PE layer and PP layer are coated onto a PP particle in that order, 
similarly to existing three-layer construction separators. 

[0064] When inorganic insulators are used for the insulating particles, such insulators are 
preferably, but not specifically limited to, inorganic oxides. That is because these 
inorganic oxides can stably exist in the battery. More specifically, the insulating particles 
' require electrolyte resistance and voltage resistance because they must be placed as a 
separator substitute material in the battery, and these inorganic oxide materials can stably 
exist in the battery. Moreover, by using inorganic oxides, strength may be increased 
compared to organic oxides, effectively improving such incidents as malfunction by 
short-circuiting due to contact between electrodes against a heavy external load (e.g., at 
the time of a vehicle crash). Furthermore, when the insulating particles are applied using 
an ink-jet printer, it is necessary to reduce the size of the particles, but it is easier to 
reduce the size of these particles and make them a uniform size compared to the particles 
made from resins during the process of manufacturing such inorganic oxide particles, 
which is an advantage. 

[0065] Additionally, when coating the surface of the conductive particle or semi- 
conductive particle with a single or multiple layer of organic or inorganic insulators, the 
materials can be used for organic or inorganic insulators for the coating layer. However, 
for coating with organic insulators, it is preferable to use those that do not melt when the 
temperature of the battery rises above normal, and to apply them with a reduced void 
ratio. With regard to conductive particles or semi-conductive particles, there is no 
limitation specifically, but it is preferable that they be made fi-om a light metal such as 
aluminum in terms of reduction in weight. Moreover, in terms of strength, iron, stainless 
steel, etc., are preferable. 

[0066] For electrolyte 4b that constitutes the electrolyte layer, without any specific 
limitation, either liquid electrolyte (electrolytic solution) or solid electrolyte can be 
applied, but preferably solid electrolyte is applied. This is because, if a solid electrolyte is 
used, it can be used as a material for fixing the insulating particles 4a (i.e., adhesive 
material). As a result, by holding the insulating particles in the solid electrolyte layer 4, 
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the insulating particles are fixed and the strength of the solid electrolyte layer (membrane) 
is increased, so a solid electrolyte can be made thinner. In the case of a liquid electrolyte, 
it is necessary to separately add an adhesive material such as polyvinylidene fluoride 
(PVDF) and apply it in order to fix the insulating particles 4a to each other and to the 
electrodes (microscopically, active material particles, etc., on the surface of the 
electrodes). Otherwise, in the case of a battery installed in a vehicle, for example, when it 
is subjected to vibration or shocks, the insulating particles move from the positions in 
which they were initially placed and tend (gather) toward one area in the electrolyte layer, 
so in other areas, the insulating particles that maintain the gap between the electrodes 
become fewer in number. In areas having fewer insulating particles, the function as a 
separator cannot sufficiently be accomplished. 

[0067] The solid electrolyte includes completely solid electrolyte, completely solid 
polymer electrolyte, and polymer gel electrolyte. The difference between the completely 
solid polymer electrolyte and polymer gel electrolyte (also referred to simply as gel 
electrolyte) is as follows. 

[0068] 1) Polymer gel electrolyte is a completely solid polymer electrolyte, such as 
polyethylene oxide (PEO), containing electrolytic solution that is used for conventional 
lithium ion batteries. 2) Polymer gel electrolyte also includes an electrolyte made by 
maintaining a similar electrolytic solution within the framework of a polymer that does 
not have lithium ion conductivity such as polyvinylidene fluoride (PVDF). 3) The ratio 
of the polymer that constitutes the polymer gel electrolyte (host polymer or polymer 
matrix) and the electrolytic solution ranges widely, and assuming that 100% by weight of 
the polymer is the completely solid polymer electrolyte and 100% by weight of the 
electrolytic solution is the liquid electrolyte, everything between the above range 
constitutes the polymer gel electrolyte. 4) Completely solid polymer electrolytes such as 
polyethylene oxide (PEO) also further includes those containing lithium salt (electrolyte 
salt). 

[0069] The completely solid electrolyte includes ceramic inorganic lithium ion 
conductors, such as LisN, NASICON (Lii+xAlxTi2.x(P04)), perovskite (La2/3-xLi3xTi03), 
and LISICON (Li4-xGei.xPxS4). The completely solid electrolyte may also fiirther include 
lithium salt (electrolyte salt). 

[0070] The completely solid polymer electrolyte includes, but is not specifically limited 
to, polyalkylene oxide polymers such as polyethylene oxide (PEO), polypropylene oxide 
(PPO), and copolymers thereof This polyalkylene oxide polymer can readily dissolve 
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lithium salts such as BETI, LiBF4, LiPFe, LiN(S02CF3)2, and LiN(S02C2F5)2. Moreover, 
by forming a cross-linked structure, excellent mechanical strength is enabled. 
[0071] The polymer gel electrolyte refers to a polymer matrix holding electrolytic 
solution. Specifically, it includes polymers with ion conductivity containing electrolytic 
solutions that are generally used in lithium ion secondary batteries, and also includes the 
framework of polymers that do not have lithium ion conductivity, in which similar 
electrolytic solution is held. 

[0072] For the polymer matrix of the polymer gel electrolyte, conventional and well- 
known materials can be used, without any specific limitation. Preferably, it includes 
polyethylene oxide (PEO), polypropylene oxide (PPO), polyethylene glycol (PEG), 
polyacrylonitrile (PAN), polyvinylidene fluoride-hexafluoropropylene (PVDF-HFP), 
poly(methyl methacrylate) (PMMA), and copolymers thereof, and the solvent preferably 
includes ethylene carbonate (EC), propylene carbonate (PC), y-butyrolactone (GBL), 
dimethyl carbonate (DMC), diethyl carbonate (DEC), and mixtures thereof. 
[0073] Among them, polymers with ion conductivity include well-known solid polymer 
electrolytes such as polyalkylene oxide polymers, including polyethylene oxide (PEO), 
polypropylene oxide (PPO), and copolymers thereof. Polyalkylene oxide polymers such 
as PEO and PPO can readily dissolve lithium salts such as LiBF4, LiPFe, LiN(S02CF3)2, 
and LiN(S02C2F5)2. Moreover, by forming a cross-linked structure, excellent mechanical 
strength is enabled. 

[0074] For the polymers that do not have lithium ion conductivity, monomers that form 
gelatinized polymers such as, for example, polyvinylidene fluoride (PVDF), polyvinyl 
chloride (PVC), polyacrylonitrile (PAN), and poly(methyl methacrylate) (PMMA) can be 
used. However, the polymers are not limited to these. PAN, PMMA, etc., belong to a 
group that has relatively little ion conductivity, and thus can also be categorized as the 
polymers with ion conductivity. Here, they are exemplified as polymers that do not have 
lithium ion conductivity, which is used for polymer gel electrolytes. 
[0075] For the electrolytic solution contained in the polymer gel electrolyte, conventional 
and well-known materials can be used, without any specific limitation. It is sufficient as 
long as they are generally used in lithium ion batteries, and for example, those containing 
lithium salt (electrolyte salt) and organic solvent (plasticizer) can be used. Specifically, 
usable electrolytic solutions include those in which at least one kind of lithium salt 
(electrolyte salt or supporting salt) — chosen fi-om the anionic salts of inorganic acids, 
such as LiPFe, LiBF4, LiC104, LiAsFe, LiTaFe, LiAlCU, and Li2BioClio, and anionic salts 

17 



Docket No; i085-019WO01 / NM04-02206 



of organic acids, such as LiCFaSOa, Li(CF3S02)2N, and Li(C2F5S02)2N — is contained, 
and organic solvents (plasticizer) such as aprotic solvent, which is at least one type 
chosen from, or a mixture of two or more, cyclic carbonates such as propylene carbonate 
and ethylene carbonate; chain carbonates such as dimethyl carbonate, methylethyl 
carbonate, and diethyl carbonate; ethers such as tetrahydrofuran, 2- 
methyltetrahydrofiiran, 1,4-dioxane, 1,2-dimethoxyethane, and 1 ,2-dibutoxyethane; 
lactones such as y-butyrolactone; nitriles such as acetonitrile; esters such as methyl 
propionate; amids such as dimethylformamide; methyl acetate and methyl formate. 
However, the electrolytic solution is not limited to these examples. 
[0076] The ratio (mass ratio) of the host polymer in the polymer gel electrolyte and the 
electrolytic solution can be determined according to intended use, etc., but from the 
respect of ion conductivity, ranges from 2:98 to 90:10. In other words, leaching of the 
electrolyte from the periphery of the electrode active material layer can be effectively 
prevented through sealing by providing an insulating layer or insulated part. Therefore, 
with regard to the ratio (mass ratio) of the host polymer in the polymer gel electrolyte and 
the electrolytic solution, it is possible to relatively prioritize the battery characteristics. In 
particular, the effect can be derived with, specifically, a polymer gel electrolyte with high 
electrolytic solution content, which is 70% by weight or more, 

[0077] The amount of the electrolytic solution contained in the polymer gel electrolyte 
may be quasi-uniform, or may be reduced gradually from the center to the periphery. The 
former is preferable because reactivity can be achieved within a wider range. The latter is 
preferable in that the sealing property against electrolytic solutions can be fiirther 
improved when insulating sealing is required at the periphery of the electrolyte layer, as 
in the case of bipolar batteries. To reduce the electrolytic solution gradually from the 
center to the periphery, it is preferable to use polyethylene oxide, polypropylene oxide 
and the copolymer thereof, which have lithium ion conductivity, for the host polymer or 
polymer matrix, 

[0078] The liquid electrolyte refers to those for which the same electrolytic solution as 
that for the polymer gel electrolyte can be used, and those that contain lithium salt 
(electrolyte salt or supporting salt) and organic solvent (plasticizer) can be used. Further 
explanation is omitted here, because it is as described with regard to the electrolytic 
solution used for the polymer gel electrolyte. 
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[0079] In the electrolyte 4b, various additives can be contained in appropriate amounts if 
necessary. The additives include, for example, trifluoropropylene carbonate for improving 
battery life and performance, and various fillers as reinforcing materials. 
[0080] Next, for the method of manufacturing the lithium ion battery in this invention, 
any means for applying insulating particles to an electrolyte layer, means for applying the 
electrolytic polymer to the electrolyte layer, and means for layering the electrolyte layer 
between the cathode and the anode may be employed as long as the electrolyte layer can 
be provided with insulating particles as a separator substitute material between the anode 
and cathode. Preferably, such means include the spray coating method, screen printing, 
ink-jet printing application method, methods using the airbrush method, etc. Also, 
application means using a coater, and most preferably, means of application using the 
ink-jet method, i.e., application methods in which insulating particles are placed by means 
of an ink-jet printer, may be used. This is because electrolytic polymers containing 
insulating particles cannot be applied thinly due to the limitation in thickness control with 
conventional application methods using a coater; however, with application using the ink- 
jet method, the insulating microparticle layer (electrolyte layer) can be applied thinly and 
uniformly. Moreover, the patterning application of a microstructure of insulating 
particles, which cannot be formed with conventional application techniques using a 
coater, can be carried out easily, which is one reason for the above. 
[0081] Furthermore, neither preparation of a different screen for each pattern, as needed 
in the case of screen printing, nor replacement is necessary. In other words, it is only 
necessary to change the planar or configurational composition of components in the 
electrolyte layer and colors (ink to be applied) corresponding to materials on the print 
screen of the computer software (print software) connected to the ink-jet printer. For 
example, it is only necessary to change the arrangement pattern of the insulating particles 
4a and the electrolyte 4b as well as the colors (i.e., ink to be applied) corresponding to the 
portion of each insulating particle 4a and electrolyte 4b (interstitial spaces), as shown in 
FIG. 5B and FIGS. 6A-6C. In other words, when changing the composition of 
components and materials, it is only necessary, if required, to replace ink cartridges in the 
ink-jet printer, or to add or reduce the number of cartridges according to changes made in 
the color display on the print screen, so it is possible to respond to design changes quite 
easily. The ink used in this specification shall refer to raw material slurry obtained by 
adjusting the viscosity of the raw material used for forming the electrolyte layer, and even 
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the anode layer and cathode layer (further including adhesive materials and electrolyte 
polymer, etc.) using an appropriate solvent, as required. 

[0082] For example, as described later, for solid electrolyte batteries in which solid 
electrolyte is used for the electrolyte layer, insulating particles and solid electrolyte 
(electrolytic polymer) may be applied as one ink using the ink-jet method. In this case, it 
is only necessary to prepare ink for forming the electrolyte layer containing insulating 
particles that constitute the electrolyte layer, materials such as electrolytic polymer, and 
even solvents for the adjustment of viscosity as required. Alternatively, the insulating 
particles and electrolytic polymer may be applied separately using the ink-jet method. In 
this case, it is only necessary to separately prepare the ink for electrolyte containing the 
electrolytic polymer and the solvent for the adjustment of viscosity and the ink for 
insulating particles containing the insulating particles, solvent, and even adhesive 
materials (this may be a solid electrolyte) as required, so appropriate adjustment can be 
carried out for intended use. 

[0083] Here, the ink-jet printing application method (ink-jet method) is a method by 
which the ink for forming the electrolyte layer, the ink for electrolyte, the ink for 
insulating particles, etc., are applied in droplets on the electrode (or base material film) 
through the nozzle of a ink-jet printer. As a result, a uniform, thinly-applied membrane 
can be formed as desired in any given area on the electrode, and the ink for forming the 
electrolyte layer, ink for the electrolyte, or ink for insulating particles can be applied in an 
optimal pattern. 

[0084] The ink-jet method includes the piezo element method, thermal ink-jet method, 
and continuance method, any of which can be employed, but from the aspect of the 
thermal stability of battery materials, it is preferable to use the piezo element method. The 
piezo element method refers to the method of using piezo elements, which is also 
generally known as the drop-on-demand method, in which liquid is expelled using 
ceramics (piezo elements) that deform when voltage is applied. The piezo element 
method is advantageous for thermal stability of materials that constitute the electrolyte 
layer, which are contained in ink for forming the electrolyte layer, ink for the electrolyte, 
ink for insulating particles, etc., and the amount of each ink to be applied can be changed. 
Furthermore, it is advantageous in that liquid with a relatively high viscosity can be 
expelled more surely, stably and precisely compared to the case using the other ink-jet 
head, and liquid with viscosity of around 10-100 Pa s (100 cp) can be expelled 
effectively. 
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[0085] In piezo-type ink-jet heads, generally, liquid chambers for storing each ink are 
formed, having a structure in which the ink feeder is linked to the liquid chambers. In the 
lower part of the ink-jet head, many nozzles are formed and aligned. Moreover, in the 
upper part of the ink-jet head, a piezoelectric element for expelling the ink in the liquid 
chamber through the nozzle, and a driver for operating this piezoelectric element are 
provided. Such an ink-jet head construction is just one embodiment, and there is no 
specific limitation. 

[0086] When the ink feeder is made from plastic, the solvent contained in each ink may 
dissolve the plastic parts. Therefore, the ink feeder is preferably made from metals that 
have superb solvent resistance. 

[0087] The method for applying each ink using the ink-jet method is not limited 
specifically. For example, there is a method of applying droplets on the electrode (or base 
material) in an optimal pattern by providing one ink-jet head for each ink and controlling 
the liquid injection operation of each of the multiple small-diameter nozzles 
independently. Alternatively, there is a method of applying droplets onto the electrode (or 
beise material) in an optimal pattern by providing multiple ink-jet heads for each ink and 
controlling the liquid injection operation of these Inkjet heads independently. With such 
application methods, the desired optimal pattern can be formed within a short amount of 
time. Moreover, in such application methods, there is no specific limitation in controlling 
the liquid injection operation independently. For example, such operations may be carried 
out through electrical signals from appropriate software after connecting an ink-jet printer 
that uses the ink-jet head with a commercially available computer, etc., and creating the 
desired pattern using such software. For appropriate software, commercially available 
software such as PowerPoint (manufactured by Microsoft Corporation) or AutoCad 
(manufactured by Autodesk, Inc.) can be used. However, it is not limited to commercially 
available software, and any newly developed software may be used. 
[0088]. Moreover, the usable viscosity of each ink at IS^'C is 0.1-100 cP, preferably 0.5- 
10 cP, and more preferably 1-3 cP. This range is preferable because it may be difficult to 
control the flow rate if the viscosity of each ink is less than 0.1 cP, and it may be 
impossible for the ink to pass through the nozzle if it is over 100 cP. 
[0089] Moreover, as a means for drying each ink applied onto the electrode (or base 
material), it is only necessary to dry it at 20-200''C, and preferably at 80-1 50°C, within a 
normal atmosphere, but preferably in a vacuum atmosphere, for 1 minute to 8 hours, but 
preferably for 3 minutes to 1 hour. However, the means for drying is not limited to this, 
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and can be determined appropriately according to the content of ttie solvent, etc., 
contained in each ink applied. 

[0090] The means for polymerizing and hardening (cross-linking) polymer materials 
(solid electrolyte materials) contained in each ink as required can be determined 
appropriately according to the polymerization initiator. For example, when using a photo 
polymerization initiator, ultraviolet light is irradiated at O-ISO^'C, but preferably at 20- 
40®C, in an inert gas atmosphere such as argon and nitrogen, but preferably in a vacuum 
atmosphere, for 1 minute to 8 hours, but preferably for 3 minutes to 1 hour. 
[0091] The means of application of the electrolytic polymer and the insulating p2Uticles 
using the ink-jet method is not limited to these specific examples. For example, after 
applying and drying each ink without adding solid electrolyte into the ink, it may be 
impregnated with an electrolytic solution or may be applied with gel electrolyte slurry. 
This impregnation method is not specifically limited, and supplying in minute amounts is 
possible if an applicator or coater is used (refer to FIG. 6). Furthermore, the patterning 
application of each ink can be carried out on the base material, rather than on the 
electrode, to form the electrolyte layer. In this case, it is only necessary to layer the 
electrode on the electrolyte layer, following the patterning application of each ink and 
forming the electrolyte layer. 

[0092] Thus, the method for forming the electrolyte layer is not limited specifically as 
long as the insulating particles are placed using an ink-jet printer, and existing 
manufacturing methods for the electrolyte layer can be widely used, and it can be 
determined appropriately according to the type of battery. 

[0093] In particular, for solid electrolyte batteries in which solid electrolyte is used for 
the electrolyte layer, (1) insulating particles and electrolytic polymer may be applied 
simultaneously using the ink-jet method (refer to FIGS. 5D and E). Alternatively, (2) 
insulating particles and electrolytic polymer may be applied separately using the ink-jet 
method (refer to FIGS . 5 A and 5B). 

[0094] In the embodiment of the aforementioned (1), application speed can be increased 
by making insulating particles and electrolytic polymer into a single ink. In that 
embodiment, as in the schematic plan view of the electrolytic layer 4 shown in FIGS. 5D 
and 5E, insulating particles 4a and electrolytic polymer 4b are placed on the entire surface 
of the electrolyte layer contained in each droplet (in each circle shown in FIG. 5D) from 
the ink-jet printer. As an example of manufacturing for this embodiment, ink is prepared 
preliminarily by mixing the solid electrolyte (polymer) and insulating particles to obtain 
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desired porosity, and this ink can be applied on the surface of the electrode (anode or 
cathode) to make the electrolyte layer, and even the battery. 

[0095] In the embodiment of the aforementioned (2), it is possible to make the current 
density in the cell uniform because the insulating peirticles and electrolytic polymer can 
be placed on any position. As a result, it is possible to aim for even higher power output 
and longer battery life. As an example of manufacturing for this embodiment, ink 
containing the polymer and solvent as well as ink containing insulating particles, solvent, 
and adhesive materials (this may be an electrolytic polymer) are prepared, and are applied 
onto the anode or cathode by ink-jet so that the ratio of the polymer and the 
microparticles becomes 50-90% to form a battery. 

[0096] Furthermore, in addition to the embodiments of the aforementioned (1) and (2), 
for example, insulating particles are applied onto the anode or cathode using an ink-jet 
printer so that the void ratio of the interstitial spaces between the insulating particles 
provided between the anode and cathode becomes 50-90%. By drying this, the insulating 
particles as a separator substitute material are fixed onto the anode or cathode using 
adhesive materials or solid electrolyte, etc., so 2m electrode — in which the electrode and 
separator substitute material are combined — is made. The solid electrolyte slurry is 
applied in the interstitial spaces using existing application methods other than the ink-jet 
method (e.g., screen printing method, airbrush method, bar coater method, etc.), and the 
electrolyte layer is formed on the electrode by drying (physical cross-linking) or 
polymerizing and hardening (chemical cross-linking) (refer to FIG. 6). Alternatively, for 
liquid electrolyte batteries in which liquid electrolyte is used for the electrolyte layer, 
after an electrode in which the electrode and separator substitute material are combined is 
made similarly to the above, the other electrode is attached to it to make an electrode 
layered body (in which the electrolyte is not filled). Subsequently, after enclosing it in the 
battery casing by means of an existing assembly process, the electrolytic solution is 
injected into the interstitial spaces between the electrodes by means of an existing 
vacuum injection method, thereby desired forming an electrolyte layer to complete the 
desired battery. However, in this invention, the manufacturing method is not limited to 
these methods.. 

[0097] Moreover, for the solvent used for the ink that is used in the ink-jet method, 
without specific limitation, the same solvent as conventional solvents for adjusting 
viscosity can be used, and fiirthermore, solvents such as acetonitrile and dimethyl 
carbonate can also be used. 
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[0098] The explanation above is mainly for electrolyte layers provided with insulating 
particles as a separator substitute material between the anode and cathode, which is a 
component characteristic of batteries according to this invention. The other components 
of the lithium ion battery of the invention can be applied widely to conventional and well- 
known lithium ion batteries without specific limitation. 

[0099] Hereinafter, each component of the lithium ion battery in this invention will be 
explained; however, it is obvious that the invention is not limited to the explained 
components. In other words, in this invention, the components of the stacked bipolar 
lithium ion secondary battery that is one of the preferred embodiments of the lithium ion 
battery explained in FIGS. 1-4 are the same as those of the non-bipolar lithium ion 
secondary battery, except for the electric connection mode (electrode structure) in the 
battery. Therefore, the components will be collectively explained below. Nevertheless, it 
is obvious that this invention is not limited to components. 

[0100] For the collector component that can be used in this invention, conventional and 
well-known collectors can be used without specific limitation. For example, aluminum 
foil, stainless steel (SUS) foil, cladding material of nickel and aluminum, cladding 
material of copper and aluminum, cladding material of SUS and aluminum, or plating 
material of a combination of these metals can preferably be used. Alternatively, a 
collector coated with aluminum on its metallic surface may be used. Furthermore, in 
certain instances, collectors made by attaching two or more metal foils may be used. 
From the aspect of corrosion resistance, ease of making, economical efficiency, etc., it is 
preferable to use aluminum foil as a collector. 

[0101] When using the collector, and when using the anode and cathode collectors 
separately, as a material for the anode collector, conductive metals such as aluminum, 
aluminum alloy, SUS, and titanium can be used, and in particular, aluminum is 
preferable. On the other hand, as a material for the anode collector, conductive metals 
such as copper, nickel, silver, and SUS can be used, and in particular, SUS and nickel are 
preferable. Moreover, it is only necessary to electrically connect the anode collector and 
cathode collector directly or via an intermediate layer with conductivity induced by a 
third material in between. 

[0102] Furthermore, in this invention, a collector formed as a thin film into a desired 
shape using thin-film-manufacturing technology such as spray coating, screen printing 
method, and ink-jet method can be used. For example, such a collector is formed by 
heating a collector metal paste containing a metallic powder as the main component, such 
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as aluminum, copper, titanium, nickel, stainless steel (SUS), and alloys thereof, and also 
contains binder (resins) and solvent. With regard to such metallic powder, any powder of 
a single type of metal may be used independently, or a mixture of two or more types of 
metallic powder may be used, or each different type of metallic powder may be multiply 
layered utilizing characteristics of the manufacturing method. For the binder, without 
specific limitation, a conventional and well-known resin binder material such as epoxy 
resin can be used, and furthermore, conductive polymer material can also be used. 
[0103] The thickness of the collector may be conventional without specific limitation, 
which is approximately 1-100 nm. From the aspect of a thinner electrode, the thickness 
of the collector is preferably 100 ^m or less, but more preferably 1-50 jim. 
[0104] The anode contains an anode active material. In addition, conductive auxiliaries 
for improving electron conductivity, lithium salt for improving ion conductivity, binder 
(also referred to as binding agent), solid electrolyte (materials), additives, etc., may be 
contained. 

[0105] Among these, for the anode active material, materials capable of use for existing 
lithium-ion secondary batteries can be used without specific limitation. Preferably, it is 
composite oxide of transition metals and lithium (lithium-transition metal composite 
oxide), because batteries that excel in capacity and power output characteristics can be 
made. Specifically, this includes Li-Co composite oxides such as LiCo02, Li-Ni 
composite oxides such as LiNi02, Li-Mn composite oxides such as spinel LiMn204 and 
LiMnOa, Li-Cr composite oxides such as LiiCraO? and Li2Cr04, Li-Fe composite oxides 
such as LiFe02 and LixFeOy, Li-V composite oxides such as LixVyOz, and the substituted 
oxides thereof in which the above transition metals are partially substituted by another 

element (e.g., LiNixCoi - x02 (0<x<l)), but this invention is not limited to these materials. 

TTiese lithium-transition metal composite oxides excel in reactivity and cycle durability, 
and are low-cost materials. Therefore, it is advantageous in that batteries that excel in 
power characteristics can be formed by using these materials for the electrode. For bipolar 
batteries, Li-Mn composite oxides are preferable among anode active materials. This is 
because the profile can be inclined by using Li-Mn composite oxides, leading to an 
improvement in reliability in abnormal situations. There is the advantage that, as a result, 
the detection of voltage in each cell layer as well as the entire bipolar battery becomes 
easier. In addition, phosphate compounds of transition metals and lithium, such as 
LiFeP04, or sulfate compounds of transition metals and lithium; transition metal oxides 
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or sulfates, such as V2O5, Mn02, TiS2, M0S2, and M0O3; and Pb02, AgO, NiOOH, etc., 
can also be used. 

[0106] The cathode contains an cathode active material. In addition, conductive 
auxiliaries for improving electron conductivity, lithium salt for improving ion 
conductivity, binder, solid electrolyte (materials), additives, etc., may be contained. 
[0107] Among these, for the cathode active material, materials that can be used for 
existing lithium-ion secondary batteries can be used without specific limitation. 
Specifically, carbon, metal compounds, metal oxides, lithium metal compounds, lithium- 
metal composite oxides, boron-added carbon, etc., can be used. Among these, one kind 
may be used independently, or a combination of two or more of these may be used. 
Preferably, carbon or lithium-transition metal compounds are used. This is because 
batteries that excel in capacity and power output characteristics (e.g., higher battery 
voltage) can be made using these. Additionally, for lithium-transition metal composite 
oxides, for example, lithium-titanium composite oxides that can be expressed as LixTiyOz, 
such as Li4Ti50i2, can be used. Moreover, for carbon, various natural graphite and ^ 
artificial graphite — for example, graphites such as fibrous graphite, flake graphite and 
spheroidal graphite, graphite carbon, hard carbon, soft carbon, acetylene black, carbon 
black, etc. — can be used. Furthermore, for metal oxides, for example, transition metal 
oxides such as SnO, Sn02, GeO, GeCb, In20, In203, PbO, Pb02, Pb203, Pb304, Ag20, 
AgO, Ag203, Sb203, Sb204, Sb205, SiO, ZnO, CoO, NiO, and FeO, in addition to 
titanium oxides, can be used. The metal compounds include LiAl, LiZn, LisBi, Li3Cd, 
LisSd, Li4Si, Li4.4Pb, Li4.4Sn, Lio.i7C(LiC6), etc. Li metal compounds include Li3FeN2, 
Li2.6Coo.4N, Li2.6Cuo.4N, etc. The boron-added carbon includes boron-added carbon, 
boron-added graphite, etc. However, in this invention, conventional and well-known 
materials can be used accordingly, without being limited to the above. 
[0108] The boron content in the boron-added carbon is preferably, but not limited to, 0.1- 
10% by weight. For bipolar batteries, the cathode active material is preferably selected 
from crystalline carbon materials and non-crystalline carbon materials. This is because 
the profile can be inclined by using these, and the detection of voltage in each cell layer 
as well as the entire bipolar battery becomes easier. The crystalline carbon materials 
described here refer to graphite carbon materials in which the graphite carbon, etc., is 
included. Non-crystalline carbon materials refer to hard carbon materials in which hard 
carbon, etc., is included. 
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[0109] The anode and cathode will be explained collectively as electrodes (anode and 
cathode) below, because there is no difference between the anode (anode active material 
layer) and cathode (anode active material layer), except for the typo of active material. 
[0110] It is preferable to make insulating particles function as a separator without going 
into spaces in the concavity and convexity on the surface of the electrode, even when the 
electrode is made thinner to become 5 |im or less by flattening the surface of the electrode 
through application and formation using the ink-jet method for the electrodes (anode and 
cathode). In order to achieve this, it is necessary to adjust the mean particle size of the 
electrode active material so that the range of mean particle size of the insulating particles 
becomes equal to or larger than the mean particle size of the electrode active material. 
Thus, it is preferable to microparticulate the electrode active material so that it can be 
applied using the ink-jet method, leading to making thinner electrodes, and even to 
providing higher power output batteries that can be used as the power supply for a 
vehicle's drive. 

[0111] With respect to the above, the mean particle size of the electrode (anode and 
cathode) active materials is 10 }im or less, preferably 5 jxm or less, more preferably within 
the range of 0.05-5 jim, and even more preferably within the range of 0.05-1 \im. On the 
other hand, in the event that the mean particle size of the electrode (anode and cathode) 
active materials exceeds 10 jim, it becomes difficult to flatten the surface of the electrode, 
leading to a difficulty in making the electrode layer thinner to become 5 ^m or less, etc., 
so there is a possibility that the effect of the invention cannot be fully enabled. 
Furthermore, it becomes difficult to achieve even thinner electrode. The lower limit of the 
mean particle size of the active material microparticle is not limited specifically, but if it 
is less than 0.05 jim, it is difficult to make, and thus it may be impossible to obtain 
preferable discharging characteristics. 

[0112] The conductive auxiliaries for improving electron conductivity include acetylene 
black, carbon black, graphite, various carbon fibers, and carbon nanotubes. However, 
they are not limited to these. Regarding the mean particle size of the conductive 
auxiliaries, it is preferable to microparticulate them so that they can be applied using the 
ink-jet method, leading to making thinner electrodes, and even to providing higher power 
output batteries that can be used as the power supply for a vehicle's drive. From the 
above reason, the mean particle size of the conductive auxiliaries is 1 ^m or less, but 
preferably 0.05-0.1 \xm. In the event that the mean particle size of the conductive 
auxiliaries exceeds 1 nm, it becomes difficult to achieve an even thinner electrode. On the 
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Other hand, the lower limit of the mean particle size of the conductive auxiliaries is not 
limited specifically to the aspect of making even thinner electrodes. 
[0113] Moreover, the content (mass ratio) of the conductive auxiliaries in each electrode 
(anode or cathode) is determined appropriately, according to the particle size of the 
conductive auxiliaries or electrode active materials, etc. For example, when the mean 
particle size of the electrode active material is 1 \im or less, the content (mass ratio) of the 
conductive auxiliaries is within the range of 2-10% by weight, but preferably 4-6% by 
weight, to the total amount of each electrode (anode or cathode). In the event that the 
content (mass ratio) of the conductive auxiliaries exceeds 10% by weight, there is a 
possibility that the utilization ratio may become lower, and the conductive auxiliaries may 
cover the entire surface of the active material, leading to a decrease in ion conductivity. In 
the event that the ratio (mass ratio) of the conductive auxiliaries is less than 2% by 
weight, it may be difficult to ensure sufficient electronic conductivity. 
[0114] For the lithium salt for improving ion conductivity, for example, anionic salts of 
inorganic acids such as LiPFe, LiBF4, LiC104, LiAsFe, LiTaFe, LiAlCU, and Li2BioClio; 
anionic salts of organic acids such as LiCFaSOa, Li(CF3S02)2N, and Li(C2F5S02)2N 
(lithium bis(perfluoroethylene sulfonyl imide); also described as LiBETI), LiBOB 
(lithium bis oxide borate); or a mixture thereof can be used. However, it is not limited to 
these. 

[0115] For the binder, polyvinylidene fluoride (PVDF), SBR (styrene-butadiene rubber), 
polyimide, etc., can be used. However, it is not limited to these. 

[0116] When solid electrolytes are used for the electrolyte layer, it is preferable that the 
electrolyte is contained in the electrode (anode or cathode). This is because ion 
conduction can be carried out more smoothly among the electrodes by filling the 
electrolyte into the spaces between the electrode active materials or conductive 
auxiliaries, etc., among the electrodes, leading to the improvement of the power output of 
the entire battery. On the other hand, when using liquid electrolj^e (electrolytic solution) 
or gel electrolyte (a type of solid electrolytes) for the electrolyte layer, the electrode does 
not necessarily contain the electrolyte, and it is only necessary for the electrode to contain 
conventional and well-known binder material for binding the electrode (anode or cathode) 
active materials to each other. In this case, when the electrolytic solution is impregnated 
by injection, or the gel electrolyte is held, into the interstitial spaces between insulating 
particles that are separators substitute materials provided between the anode and cathode, 
the liquid electrolyte (electrolytic solution) or the electrolytic solution in the gel 
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electrolyte is also diffused into the interstitial spaces between the respective electrode 
active materials or conductive auxiliaries microparticles, etc., in respective electrodes, so 
it can be the that it is not always necessary to have the electrode contain further 
electrolyte. However, it is obvious that, even in such a case, the electrode may contain 
solid electrolyte as required according to intended use. 

[0117] Explanation of the solid electrolyte is omitted here, because it is the same as 
described with regard to the electrolyte used for the electrolyte layer, 
[0118] The content of the electrolytic solution in the gel electrolyte contained in each 
electrode (anode or cathode) can be determined according to intended use, and is 
preferably in the range of a few percent by weight to 98% by weight for usability. 
However, it is not limited to this range. In particular, this invention is effective in gel 
electrolytes with high electrolytic solution content, which is 70% by weight or more. This 
is because, with such content, excellent battery characteristics such as having ion 
conductivity that is close to that of liquid electrolyte-type lithium-ion secondary batteries 
can be enabled, and high sealing performance can be maintained by molding and placing 
resins for sealing on a separator, even for a large amount of electrolytic solution, leading 
to the effective prevention of leaching of electrolytic solution. 
[0119] The additives may include, for example, trifluoropropylene carbonate for 
improving the battery life and performance, and various fillers as reinforcing materials. 
The blending quantity in the electrode of the electrode active material, conductive 
auxiliaries, binder, electrolyte material (polymer matrix, electrolytic solution, etc.), 
lithium salt, additives, etc., should be determined in consideration of the intended use of 
the battery (emphasis on power, emphasis on energy, etc.). For example, when a solid 
electrolyte is used for the electrolyte layer, if the blending quantity of the solid electrolyte 
in the electrode is too small, ion conduction resistance and ion diffusion resistance 
become larger, and battery performance degrades. On the other hand, if the blending 
quantity of the solid electrolyte in the electrode is too large, the energy density of the 
battery degrades. Therefore, the ideal amount of solid electrolyte for the purpose should 
be determined after considering these factors. 

[01201 The thickness of the electrode is not specifically limited and should be determined 
upon consideration of the intended use of the battery (emphasis on power, emphasis on 
energy, etc.), as described regarding blending quantity. When a general application 
method is used, the thickness of the electrode is around 10-500 jim. Furthermore, in this 
invention, it is also preferable that the electrode be formed by application with the ink-jet 
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method, and in this case, the thickness of the electrode is not limited to the above range, 
and from the aspect of making thinner electrodes, the thickness of the electrode is 1 5 |im 
or less, but preferably within the range of 1-1 5 nm, and more preferably within the range 
of 5-1 5 nm. This is because the electrode can consequently be made thinner, and the 
battery can also be made thinner, smaller, and lighter. In the event that the thickness of 
the electrode exceeds 15 jim, it may become difficult to make a thinner electrode. The 
lower limit of the thickness of the electrode (anode or cathode) is not specifically limited. 
The thickness of the electrode described here refers to the thickness of the electrode 
formed on one side of the collector. 

[0121] The electrolyte layer of this invention is provided with insulating particles as a 
separator substitute material between the anode and cathode. These have already been 
explained above. Moreover, the electrolyte may also be contained in the electrode in 
addition to the electrolyte layer. Depending on the electrolyte layer, anode, and cathode, a 
different electrolyte may be used, or the same electrolyte may be used. Moreover, a 
different electrolyte may be used depending on each cell layer (each component of the 
cell layer). 

[0122] Incidentally, the polymer matrix for the polymer gel electrolyte that is currently 
used is preferably ether polymers such as PEO and PPO that have ion conductivity. For 
this reason, oxidation resistance of the anode is low under high-temperature conditions. 
Therefore, when an anode material with high oxidation-reduction potential — ^which is 
generally used for lithium-ion secondary batteries — is used, it is preferable that the 
capacity of the cathode be less than that of the facing anode with the electrolyte layer 
between. When the capacity of the cathode is less than the capacity of the facing anode, 
an excessive increase in anode potential at the end of charging can be prevented. Here, 
the capacity of the anode and cathode can be obtained from manufacturing conditions as 
the theoretical capacity when manufacturing the anode and cathode. Alternatively, the 
capacity of the completed products may be measured directly. 

[0123] However, when the capacity of the cathode is less than that of the facing anode, 
durability of the battery may deteriorate because the cathode potential decreases 
excessively, so it is necessary to be careful regarding the charging and discharging 
voltage. For example, it is necessary to be careful so as not to lower durability by setting 
an appropriate value for the oxidation-reduction potential of the anode active material that 
uses the mean charging voltage of one cell (cell layer). 
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[0124] As shown in FIG. 3, in the case of bipolar batteries, the insulating seal layer 6' is 
formed around each electrode for the purpose of preventing contact between collectors, as 
well as the leaching of electrolytic solution, short-circuits due to a slight irregularity at the 
edge of the layered electrode, etc. 

[0125] For the insulating layer, it is sufficient to have sealing properties (sealing 
performance), heat resistance at the operational temperature of the battery, etc., and for 
example, epoxy resin, rubber, polyethylene, polypropylene, etc., can be used, but from the 
aspect of corrosion resistance, ease of manufacturing (film production performance), 
economical efficiency, etc., epoxy resin is preferable. 

[0126] A high-current tab may be attached to the collector that constitutes the outermost 
layer of the electrode as required in the case of bipolar batteries. When used, it is 
preferable for it to serve as a terminal, and that it be as thin as possible from the 2ispect of 
making it thinner. However, since the layered anode, cathode, electrolyte layer, and 
collector are all weak in mechanical strength, it is preferable to have sufficient strength 
for holding them from both sides and supporting them. Furthermore, from the aspect of 
the high-current tab suppressing internal resistance, it can be the that the thickness of the 
high-current tab preferably be generally 0.1-2 mm. 

[0127] As for the material for the high-current tab, materials that are used for normal 
lithium-ion secondary batteries can be used. For example, aluminum, copper, titanium, 
nickel, stainless steel (SUS), and the alloys thereof, etc., can be used. From the aspect of 
corrosion resistance, ease of manufacturing, economical efficiency, etc., it is preferable to 
use aluminum. 

[0128] As for materials for the anode high-current tab and cathode high-current tab for 
extracting a current, the same material may be used, or a different material may be used. 
Furthermore, these anode and cathode high-current tabs may be composed of multiply 
different layered materials. It is sufficient if the anode and cathode high-current tabs are 
the same size as the collector, but there is no specific limitation. 

[0129] As shown in FIG. 4, for the anode lead 8 and the cathode lead 9, well-known leads 
that are generally used for lithium-ion secondary batteries can be used. For the materials 
for the positive and cathode leads, materials that are used for normal lithium-ion 
secondary batteries can be used. For example, aluminum, copper, iron, titanium, nickel, 
stainless steel (SUS), and the alloys thereof, etc., can be used. From the aspect of 
corrosion resistance, ease of manufacturing, economical efficiency, etc., it is preferable to 
use aluminum. From the aspect of suppressing the increase in resistance of the entire 
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electrode lead, it is preferable to use copper. Moreover, in order to improve adhesion of 
the battery casing to the polymer material, a surface coating layer may be formed. For the 
surface coating layer, nickel can be used most preferably, but other metal material such as 
silver and gold can be used as well. 

[0130] For bipolar batteries, as shown in FIG. 4, it is preferable that the entire battery 
layered body be seated in a battery casing (battery housing) 10 for the prevention of 
external shock as well as environment degradation in order to prevent shock from outside 
and environment degradation when used. For the battery casing, conventional and well- 
known battery casings such as laminate films in complexes with polymer-metal (also 
referred to as simply polymer-metal composite laminate films) such as aluminum 
laminate packs in which the metal is coated with a polymer insulator is preferred. 
[0131] For the polymer-metal composite laminate films, conventional and well-known 
films in which metallic films are placed between polymer films to become a single unit 
with a layer structure can be used without specific limitation. Specifically, they are films 
having an all-inclusive unit with a layered structure such as a casing protection layer (the 
outermost layer of laminate) composed of polymer film, a metallic film layer, and a 
thermal adhesive layer (the innermost layer of laminate) composed of polymer film. In 
more detail, the polymer-metal composite laminate films used for casing are made by first 
forming a heat-resistant insulating resin film as a polymer film on both sides of the 
metallic film, and layering the thermal adhesive insulating film on at least one side of the 
heat-resistant insulating resin films. In such laminate films, the portion of thermal 
adhesive insulating film is adhered and fiised to form a thermal adhesion part by thermal 
adhesion with an appropriate method. The metallic film includes aluminum films, etc. 
Moreover, the insulating resin film includes polyethylene tetraphthalate film (heat- 
resistant insulating film), nylon film (heat-resistant insulating film), polyethylene film 
(thermal adhesive insulating film), polypropylene film (thermal adhesive insulating film), 
etc. However, the casing of this invention is not limited to these. 
[0132] For such polymer-metal composite laminate films, one pair or one sheet (bag- 
shaped) of laminate film can easily and reliably be fiised by thermal adhesion by way of 
ultrasonic welding, etc., using thermal adhesive insulating film. Therefore, it is preferable 
that using such polymer-metal laminate films in this invention, the battery layered body is 
seated and hermetically sealed by fiising part or all of the surrounding parts by thermal 
adhesion. In order to maximize the long-term reliability of the battery, metallic films — 
which are a component of the polymer-metal composite laminate sheet — may be directly 
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fused to each other. To remove or destroy the thermal adhesive resin between the metallic 
films and fuse the metallic films to each other, ultrasonic welding can be used. 
[0133] When polymer-metal composite laminate films are used for the battery casing, it 
is only necessary for the anode and cathode leads to be seated between the thermal 
adhesion parts and exposed to the outside of the battery casing. Moreover, it is preferable 
to use polymer-metal composite laminate films that excel in thermal conductivity in that 
the heat can be transferred effectively from the heat source of the vehicle, and the inside 
of the battery can be heated rapidly up to the operation temperature of the battery. 
[0134] Next, in this invention, assembled batteries consisting of the multiple connected 
lithium-ion batteries described above are possible. In other words, it becomes possible to 
meet the requirements for the capacity or power of the battery depending on intended use 
at a relatively low price by making assembled batteries consisting of two or more bipolar 
batteries of the invention connected serially and/or in parallel. 

[0135] Specifically, for example, N of these bipolar batteries are connected in parallel, 
and M among these N bipolar batteries connected in parallel are further connected 
serially, and these are seated in an assembled battery housing made of metal or resin, thus 
obtained an assembled battery (N and M are integer numbers equal to or greater th2m 2). 
In this case, the number of serial/parallel connections of the bipolar batteries is 
determined according to intended use. For example, for high-capacity power supply for 
electric vehicles (EVs), hybrid electric vehicles (HEVs), fuel-cell vehicles, hybrid fuel- 
cell vehicles, etc., such a combination may be made to apply to the power supply for a 
vehicle's drive for which high-energy density and high-power density are required. 
Moreover, the connection between the positive and negative terminals for the assembled 
battery and the electrode lead of each bipolar battery can be made simply by an electric 
connection using lead wires, etc. Furthermore, the serial/parallel connection of bipolar 
batteries can be made simply by a electric connection using an appropriate connection 
member such as a spacer and a bus bar. Thus, it becomes possible to meet requirements 
for the capacity and voltage specific for each type of vehicle through a combination of 
base bipolar batteries. As a result, it becomes possible to easily make selective design for 
the necessary energy and power output. This eliminates the necessity of designing and 
producing different bipolar batteries for each type of vehicle, and makes it possible to 
produce base bipolar batteries in a large scale, leading to cost reduction because of mass 
production. 
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[0136] Moreover, the assembled battery of this invention is not limited to the 
abovementioned, as conventional and well-known batteries can suitably be employed. For 
example, in the assembled battery in this invention, the bipolar batteries of the invention 
and batteries for which the same voltage as that of the bipolar batteries are maintained by 
serially connecting the constitutional units of the bipolar batteries — in which the anode 
and cathode materials are the same as those of the bipolar batteries — ^may be connected in 
parallel. 

[0137] The battery for which the same voltage as that of the bipolar battery is maintained 
by serially connecting the constitutional units of the bipolar battery — in which the anode 
and cathode materials are the same as those of the bipolar battery — ^preferably includes 
non-bipolar lithium-ion secondary batteries (general lithium-ion secondary batteries). In 
other words, for batteries that constitute the assembled battery, bipolar batteries of the 
invention and non-bipolar lithium-ion secondary batteries can be mixed. As a result, it is 
possible to make an assembled battery in which the respective disadvantages of power- 
oriented bipolar batteries and energy-oriented standard lithium-ion secondary batteries 
can be set off by combining them, leading to a reduction in weight and size of the 
assembled battery. The mix ratio of respective bipolar batteries and non-bipolar lithium- 
ion secondary batteries is determined according to safe performance and power output 
performance required for the assembled battery. 

[0138] In the assembled battery of this invention, various measurement instruments and 
control instruments can be provided according to intended use without specific limitation; 
for example, connectors for voltage measurement can be provided to monitor battery 
voltage. 

[0139] Moreover, in this invention, it is possible to meet requirements for the capacity or 
power of the battery according to intended use at a relatively low price without the 
necessity of newly making assembled batteries, by making combined assembled batteries 
in which two or more of the assembled batteries are connected serially and/or in parallel. 
In other words, in these combined assembled batteries, two or more of the assembled 
batteries are connected serially and/or in parallel, so the specification of the assembled 
battery can be ttmed by manufacturing standard assembled batteries and combining them 
to make combined assembled batteries. As a result, it is not necessary to manufacture 
various assembled batteries with different specifications, leading to the reduction of cost 
for combined assembled batteries. Thus, the combined assembled batteries in which 
multiple assembled batteries are connected serially and/or in parallel can be repaired 
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simply by replacing the failed parts when some batteries or the assembled batteries fail. 
Here, the assembled battery may consist of only the bipolar batteries of this invention or 
may consist of both the bipolar batteries of this invention and other non-bipolar batteries. 
[0140] In this invention, it is possible for vehicles to have the bipolar battery and/or 
assembled battery (including a combined assembled battery) installed as a pov^er supply 
for the drive. The bipolar battery and/or assembled battery of this invention have various 
characteristics as described above, and in particular, they are compact. Therefore, they are 
suitable as a power supply for the drive in vehicles for which requirements for energy 
density and power density are particularly strict, such as electric vehicles, hybrid electric 
vehicles, fuel-cell vehicles, and hybrid fuel-cell vehicles. For example, it is convenient to 
install an assembled battery as a power supply for the drive under the seat in the center of 
the vehicle body of an electric vehicle or a hybrid electric vehicle, because the room 
inside the vehicle and the trunk room can be more spacious. In this invention, there is no 
limitation: it may be installed under the rear trunk space, etc., or when there is no engine, 
as in electric vehicles and fuel-cell vehicles, it may installed in the space in the front of 
the vehicle, where an engine would otherwise be mounted. In this invention, not only an 
assembled battery 15 but also a bipolar battery may be installed according to intended 
use, or the assembled battery 15 and bipolar battery may be mounted together. Moreover, 
vehicles that can have a bipolar battery and/or the assembled battery of this invention 
installed as a power supply for the drive preferably includes, but is not limited to, the 
electric vehicles, hybrid electric vehicles, fuel-cell vehicles, and hybrid fuel-cell vehicles. 
[0141] For the manufacturing method of the bipolar battery of this invention, 
conventional and well-known materials can be used without any specific limitation. A 
brief explanation will be given below. However, an explanation of the method for placing 
insulating particles as a separator substitute material using an ink-jet printer is omitted 
here, because it is the same as described in FIGS. 5-7. 

[0142] First, an appropriate collector is prepared. Usually, the anode composition is 
obtained as slurry (anode slurry) or ink (anode ink) and applied on one side of the 
collector. The application method includes coating with a coater or spray coating using 
anode slurry, screen printing using anode ink, the ink-jet printing application method, etc. 
Here, also for the collector, coating with a coater or spray coating using collector slurry, 
screen printing using anode ink, the ink-jet printing application method, etc., may be 
applied. 



35 



Docket No.; 1085-019WO01 / NM04-02206 



[0143] The anode slurry or ink is a solution containing an anode active material. Other 
than that, conductive auxiliaries, binder, polymerization initiator, raw materials for 
polymer gel electrolyte (polymer raw materials, electrolytic solution, etc.), and lithium 
salt may be contained optionally. Since a polymer gel electrolyte is used for the polymer 
electrolyte layer, it is sufficient if a conventional and well-known binder for binding 
anode active material microparticles to each other, conductive auxiliaries for improving 
electron conductivity, slurry viscosity adjustment solvent such as N-methyl-2-pyrrolidone 
(NMP), etc., are contained, and raw materials for polymer gel electrolyte and lithium salt 
may not necessarily be contained. 

[0144] Polymer raw materials for the polymer gel electrolyte include PEO, PPO and the 
copolymer thereof, and preferably, they have a cross-linking functional group (e.g., 
carbon-carbon double bond) in the molecule. By cross-linking the polymer raw materials 
using this cross-linking functional group, mechanical strength can be improved. 
[0145] For the anode active material, conductive auxiliaries, binder, lithium salt, 
electrolytic solution, and the compound can be used. 

[0146] The polymerization initiator should be selected according to the compoimd to be 
polymerized. For example, benzyl dimethyl ketal and azobis isobutyronitrile can be 
selected as a photo polymerization initiator and a thermal polymerization initiator, 
respectively. A solvent such as NMP is selected depending on the type of the anode slurry 
or ink. 

[0147] The amount to be added of the anode active material, lithium salt, conductive 
auxiliaries, etc., can be adjusted according to intended use of the bipolar battery, and the 
amount that is generally used can be added. The amount of polymerization initiator to be 
added is determined according to the number of cross-linking functional groups contained 
in the polymer raw material. Generally, it is approximately 0.01-1 % by weight to the 
polymer raw material. 

[0148] The anode is formed as follows. The collector on which the anode slurry or ink is 
applied is dried, and the contained solvent is removed to form the anode. At the same 
time, depending on the anode slurry or ink, it is possible to advance the cross-linking 
reaction to increase the mechanical strength of the polymer solid electrolyte. For drying, a 
vacuum dryer can be used. The drying condition is determined according to the anode 
slurry applied and cannot be determined uniquely, but it is generally 5 minutes-20 hours 
at40-150*^C. 
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[0149] In this invention, when forming the anode, as described above, it is preferably 
formed using printing application method with the anode ink, and more preferably formed 
using the ink-jet application method. In such a case, for the anode ink, the anode slurry 
may be used directly, or it may be divided into several inks with different components 
and concentrations for use. For example, when the anode is formed through application 
by being divided into an active material layer, conductive auxiliaries layer, and electrolyte 
layer, the ink may be divided into three, i.e., active material ink (active material, binder, 
electrolyte, etc.), conductive auxiliaries ink (conductive auxiliaries, binder, etc.), and 
electrolyte part ink (electrolyte, binder, etc.). This is because, as in the case of the 
electrolyte layer, an electrode material such as anode active material and conductive 
auxiliaries can be formed in alignment, and even in complex and fine alignment 
(arrangement pattern), a highly elaborate alignment (arrangement pattern) can be formed 
without a deterioration in productivity. Therefore, this can become a highly advantageous 
formation means in the case of layering dozens to hundreds of cell layers, for example. 
Here, an explanation of the ink-jet printing application method is omitted, because it is 
explained in detail in the method for forming the electrolyte layer. However, it is obvious 
that, in this invention, the anode can be formed using conventional and well-known ink- 
jet techniques accordingly, without being limited to the method for forming the 
electrolyte layer. 

[0150] The cathode composition (cathode slurry) containing the cathode active material is 
applied on the side opposite to the side on which the anode was formed. Cathode slurry is 
a solution containing a cathode active material. Other than that, conductive auxiliaries, 
binder, polymerization initiator, raw materials for polymer gel electrolyte (polymer raw 
materials, electrolytic solution, etc.), and lithium salt, etc., may optionally be contained. 
An explanation of the raw material to be used and amount to be added, etc., is omitted 
here, because it is the same as the explanation of the application of anode composition. 
[0151] The collector on which the cathode slurry is applied is dried, and the contained 
solvent is removed to form the cathode. At the same tinie, depending on the cathode 
slurry, it is possible to advance the cross-linking reaction to increase the mechanical 
strength of the polymer gel electrolyte. Through these steps, the bipolar electrode will be 
completed. For drying, a vacuum dryer can be used. The drying condition is determined 
according to the cathode slurry applied and cannot be determined uniquely, but it is 
generally 5 minutes-20 hours at 40-150'^C. 



37 



Docket No.. 1 085-0 19 WOO 1 /NM04-02206 

[0152} The electrolyte layer, which is layered between the electrodes, in which the 
polymer gel electrolyte is held in the separator and the resin for sealing is molded and 
placed on the periphery of the portion of the polymer gel electrolyte held in the separator, 
is prepared separately. The electrolyte layer can be prepared according to the procedure 
explained using FIG. 5 (refer also to FIGS. 6-12). 

[0153] After fully drying the bipolar electrode prepared as above by heating under high 
vacuum, multiple pieces of bipolar electrode and the electrolyte layer are respectively cut 
out to appropriate size. It is preferable to make the electrolyte layer slightly larger than 
the size of the collector of the bipolar electrode (refer to FIG. 1 1). A given number of 
bipolar electrodes and the electrolyte layers that are cut out are bonded to each other to 
prepare the battery layered body. The number of layers is determined in consideration of 
the battery performance required for the bipolar battery. It is also possible to directly 
attach the bipolar electrode on one side or both sides on which the electrolyte layer is 
formed. The electrode for extracting current is placed on each of the outermost electrolyte 
layers. The electrode for extracting current in which only the anode is formed on the 
collector is placed on the outermost layer on the anode side. The electrode for extracting 
current in which only the cathode is formed on the collector is placed on the outermost 
layer on the cathode side. Preferably, the step for layermg the bipolar electrode and the 
electrolyte layer to obtain the bipolar battery is carried out in an inert atmosphere. For 
example, it is preferred that the bipolar battery be made in an argon atmosphere or 
nitrogen atmosphere. 

[0154] Finally, the anode high-current tab and the cathode high-current tab are placed on 
the respective collectors for extracting current on both of the outermost layers of the 
battery-layered body, and furthermore, the anode lead and cathode lead are fused 
(electrically connected) to the anode high-current tab and cathode high-current tab, 
respectively. In this case, it is preferable that the electrode for extracting a current, in 
particular the high-current tab, is larger than the sealing part of the separator in which the 
seal member is placed. For the method for fusing the anode lead and cathode lead, there is 
no specific limitation, and preferably, ultrasonic welding, in which the welding 
temperature is low, can be used; however, it is not limited to this, so conventional and 
well-known method for jointing can be used accordingly. 

[0155] The entire battery-layered body is enclosed in a battery casing or battery housing 
to prevent external shock and environmental degradation, and thereby, the bipolar battery 
is completed. As materials for the battery casing (battery housing), metals (aluminum, 
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Stainless, nickel, copper, etc.) in which the inner surface is coated with insulators such as 
polypropylene films are suitable. 

[0156] Below, this invention is described in further detail using embodiments and 
comparative examples. However, the technical scope of this invention is not limited to the 
following embodiment. 

[0157] In the following embodiment, the electrodes (anode and cathode) described in 
section A, below, and insulating particle ink 1 are used in a liquid electrolytic battery. 
Furthermore, the electrodes (anode and cathode) described in section B, below, and 
insulating particle ink 2, insulating particle ink 3, or electrolyte ink and insulating particle 
ink 4 are used in a polymer gel electrolytic polymer battery. 

[0158] A. Liquid Electrolytic Battery. The anode and cathode below are coated with a 
conventional coater. The following materials are mixed in predetermined proportions to 
make anode slurry. First, anode slurry is made by mixing materials in the following 
proportions: LiMn204 spinel with a mean particle diameter of 20 \im as the anode active 
material [85wt%], acetylene black as the conductive agent [5wt%], PVDF 
(Polyvinylidene Fluoride) as the binder [10wt%], and N-Methyl-2-pyrrolidone (NMP) as 
the slurry viscosity-modifying agent. Because the abovementioned NMP is completely 
volatilized and removed during electrode drying, an appropriate amount is added to 
achieve suitable slurry viscosity without electrode composite material. Furthermore, the 
abovementioned proportions are shown as calculated by components, with the exception 
of the slurry viscosity-modifying solvent. 

[0159] After using a coater to apply the abovementioned anode slurry to one side of SUS 
foil [20 \im thick], which acts as an anode collector, and placing it into a vacuum oven, it 
is press dried at 120**C for 10 minutes to form a 40-jim-thick anode. 
[0160] The following materials were mixed in predetermined proportions to make 
cathode slurry. First, cathode slurry is made by mixing the following materials in their 
designated proportions: hard carbon [90wt%] with a mean particle diameter of 20 fim as 
the cathode active material, PVDF [10wt%] as the binder, and NMP as the slurry 
viscosity-modifying agent. Because the abovementioned NMP is completely volatilized 
and removed during electrode drying, an appropriate amount is added to achieve suitable 
slurry viscosity without electrode composite material. Furthermore, the abovementioned 
proportions are shown as calculated by components, with the exception of the slurry 
viscosity-modifying solvent. 
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[0161] After using a coater to apply the abovementioned cathode slurry to one side of the 
SUS foil [20 nm thick], which acts as a cathode collector, and placing it into a vacuum 
oven, it is press dried at 120°C for 10 minutes to form a 40-jim-thick cathode. 
[0162] As insulating particles, 30wt% Si02 particles with a mean particle diameter of 1 
|im are sprinkled into the solution of 70wt% acetronitrile to prepare a solvent (insulating 
particle ink 1). Viscosity of the insulating particle ink 1 at this time is 2 cP. 
[0163] B. Polymer Gel Electrolytic Polymer Battery. The following anode and 
cathode are coated by a conventional coater. The following materials are mixed in 
predetermined proportions to make anode slurry. First, anode slurry is made by mixing 
the following materials in the amounts designated: LiMn204 spinel with a mean particle 
diameter of 20 nm as the anode active material [22wt%], acetylene black as the electrical 
conduction agent [6vvt%], polyethylene oxide (PEO) as the polymer source material 
(polymer) polymer gel electrolytic material [18wt%], Li (C2F5SO2) 2N as the supporting 
salt (lithium salt) of polymer gel electrolytic material [9wt%], NMP as the slurry 
viscosity-modifying agent [45wt%], and Azobis-Isobutyronitrile (AIBN) as the 
polymerization initiator [trace amount; 0.1 wt% for the polymer]. 
[0164] After using a coater to apply the abovementioned anode slurry to one side of the 
SUS foil [20 Jim thick], which acts as an anode collector, and placing it into a vacuum 
oven, it is press dried at 120°C for 10 minutes to form a 40- jim-thick anode. 
[0165] The following materials are mixed in predetermined proportions to make cathode 
slurry. First, cathode slurry is made by mixing the following materials in their designated 
proportions: hard C£irbon with a mean particle diameter of 20 |j.m as the cathode active 
material [14wt%], acetylene black as the electrical conduction agent [4wt%], PEO as the 
polymer source material (polymer) of polymer gel electrolytic material [20wt%], Li 
(C2F5SO2) 2N as the supporting salt (lithium salt) of polymer gel electrolytic material 
[1 lwt%], NMP as the slurry viscosity-modifying agent [5 1 wt%], and AIBN as the 
polymerization initiator [trace amount; 0.1 wt% for the polymer]. 

[0166] After using a coater to apply the cathode slurry to one side of the SUS foil [20 \im 
thick], which acts as a cathode collector, and placing it into a vacuum oven, it is press 
dried at 120*^C for 10 minutes to form a 40-nm-thick cathode. 

[0167] The solution (insulating particle ink 2) is prepared by adding 13wt% of ethylene 
oxide and propylene oxide macromer as the polymer source material (polymer) of 
polymer gel electrolytic material, 6wt% of lithium bis (perfluoroethylsulfonylimide) 
(LiBETI) as the lithium salt of polymer gel electrolytic material, benzyl dimethyl ketal as 
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the polymerization initiator of polymer gel electrolytic material to 0.1 wt% of polymer 
source material and sprinkling 10wt% of Si02 particles with a mean particle diameter of 1 
Hm as insulating microparticles into 70wt% of acetonitrile as the solvent. The viscosity of 
the insulating particle ink 2 at that time is 3 cP. This insulating particle ink 2 is adjusted 
by blending the ratio of polymer gel electrolyte (polymer) and insulating particles so that 
the porosity of interstitial spacess between the insulating particles provided between the 
anode and cathode of the battery becomes 70%. 

[0168] The solution (insulating particle ink 3) is prepared by adding 10wt% of ethylene 
oxide and propylene oxide macromer as the polymer source material (polymer) of the 
polymer gel electrolytic material, 4wt% of LiBETI as lithium salt of the polymer gel 
electrolytic material, and benzyl dimethyl ketal as the polymerization initiator of the 
polymer gel electrolytic material to OAwt% of polymer source material and sprinkling 
20wt% of polypropylene (PP) particles with a mean particle diameter of 5 ^m as 
insulating microparticles to 65wt% of acetonitrile as the solvent. The viscosity of the 
insulating particle ink 3 at this time is 5 cP. This insulating particle ink 3 is adjusted 
beforehand by blending ratios of polymer gel electrolyte (polymer) and insulating 
particles so that porosity of the interstitial spaces between insulating particles provided 
between the anode and cathode of the battery becomes 70%. 

[0169] The solution (insulating particle ink 4) is prepared by sprinkling 30wt% of Si02 
particles with a mean particle diameter of 0.1 fim as insulating microparticles into 70wt% 
of acetonitrile as the solvent. 

[0170] Adjustment of the polymer gel electrolytic ink is carried out as follows: First, the 
solution (polymer gel electrolytic ink) is prepared by adding 15wt% of ethylene oxide and 
propylene oxide macromer as polymer source material (polymer) of the polymer gel 
electrolytic material, 8wt% of LiBETI as lithium salt of the polymer gel electrolytic 
material, and benzyl dimethyl ketal as the polymerization initiator of the polymer gel 
electrolytic material to 0.1wt% of the polymer source material, using 77wt% of 
acetonitrile as the solvent. The viscosity of the polymer gel electrolytic ink at this time is 
2cP. 

[0171] Embodiment 1. The battery with liquid electrolyte is mapped using the anode, 
cathode, and insulating particle ink 1 described in section A (liquid electrolyte battery). 
First, insulating particle ink 1, adjusted as described in section A, is coated on one side of 
the anode mapped as described in section A to form a 3-nm-thick insulating particle layer 
on the anode. For the insulating particle layer, insulating particles are placed on the anode 
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using an ink-jet printer so that porosity of the interstitial spaces between the insulating 
particles provided between the anode and cathode becomes 70%. Furthermore, insulating 
particles are formed by coating using an ink-jet printer in the arrangement shown in FIG. 
6A. 

[0172] Specifically, the procedure is carried out as follows using prepared insulating 
particle ink 1 and a commercially available ink-jet printer. In addition, when the 
abovementioned insulating particle ink 1 is used, there is a problem in which acetonitrile, 
which is a solvent, completely dissolves plastic parts that are on the ink-jet printer ink 
feeder. Thus, printing is done by a printer with the following modifications. In other 
words, plastic parts on the ink feeder are replaced with metallic parts, and ink is directly 
supplied fi-om the ink holder to the metallic parts. Furthermore, insulating particles are 
sprinkled uniformly in the ink, and to ensure that the insulating particles do not settle, the 
ink holder is continuously agitated with rotary blades. Moreover, the ink-jet printer is 
controlled by a commercially available computer and software. In this embodiment, the 
insulating particle layer (conventional separator or electrolyte layer) is applied in an ultra- 
thin film to a thickness of 3 jim which had not been possible previously. 
[0173] First, feeding insulating particle ink 1 into a modified ink-jet printer, a pattern 
(applied as shown in FIG. 6A for this embodiment) created by computer is applied on the 
anode. After application, drying is done in a vacuum oven for 12 hours at 120^C to dry 
the solvent, and the insulating particles are fixed to the anode, completing the insulating 
particle layer. 

[0174] Next, the insulating particle layer is formed on the abovementioned anode, the 
cathode that is mapped as in abovementioned A is laminated, electrolyte is injected, and 
the battery is stored in a laminate pack as the battery casing to create a liquid electrolyte 
battery. In addition, a concentration of 1 mol/liter of LiPFe is included in the 
abovementioned electrolyte, using a solvent mixing ethylene carbonate (EC) and 
dimethyl carbonate (DMC) at a volume fraction of 3:7. Furthermore, in the 
abovementioned laminate pack, aluminum is used after being laminated with 
polypropylene film, 

[0175] Embodiment 2. The polymer gel electrolytic polymer battery is mapped using 
the anode, cathode, and insulating particle ink 3 described in section B (polymer battery). 
First, one side of the anode mapped as described in section B is simultaneously coated 
with insulating particles and polymer gel electrolyte (electrolyte polymer), using 
msulating particle ink 3 adjusted as described in section B, to form a 5-nm-thick 
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electrolyte layer on the anode. Using a coater, the abovementioned electrolyte layer is 
coated with insulating particle ink 3 prepared beforehand so that porosity becomes 70%, 
The electrolyte layer of this embodiment is coated to form an ultra-thin film with a 
thickness of 5 ^m, which had not been possible previously. 

[0176] After coating, drying and polymerization are performed for 12 hours at llO^C 
under vacuum pressure while exposed to ultraviolet light amidst black light to dry the 
solvent and induce polymerization (chemical cross-linking), and insulating particles are 
fixed on the anode and in the electrolyte layer to complete the electrolyte layer. Next, an 
electrolyte layer is formed on the abovementioned anode, the cathode mapped as in 
abovementioned B is laminated and stored in a laminate pack as the battery casing to 
form a polymer gel electrolytic polymer battery. In addition, in the abovementioned 
laminate pack, aluminum is used after being laminated with polypropylene film. 
[0177] Embodiment 3. A polymer gel electrolytic polymer battery is mapped using the 
anode, cathode, and insulating particle ink 2 described in section B (polymer battery). 
First, using insulating particle ink 2 adjusted as described in section B, insulating particles 
and polymer gel electrolyte (electrolyte polymer) are simultaneously coated on one side 
of the anode mapped as described in section B to form a 3-fim-thick electrolyte layer on 
the anode. Using insulating particle ink 2 prepared beforehand so that porosity becomes 
70%, the abovementioned electrolyte layer is formed by placing insulating particles (and 
at the same time, polymer gel electrolyte) on the anode by means of an ink-jet printer. 
Specifically, it is formed by applying insulating particles in the arrangement shown in 
FIG. 5D by means of an ink-jet printer. 

[0178] Specifically, the following procedure is carried out using a prepared insulating 
particle ink 2 and a commercially available ink-jet printer. In addition, when the 
abovementioned insulating particle ink 2 is used, there is a problem in which acetonitrile, 
which is a solvent, dissolves the plastic parts in the ink-jet printer ink feeder. Therefore, 
printing is done by a printer with the following modifications. In other words, parts in the 
ink feeder are replaced with metallic parts, and ink is supplied directly to the metallic 
parts. Furthermore, insulating particles are uniformly sprinkled in the ink, and to ensure 
that the insulating particles do not settle, the ink holder is continuously agitated using 
rotary blades. Furthermore, the ink-jet printer is controlled by a commercially available 
computer and software. In this embodiment, a S-jim-thick electrolyte layer is applied to 
form an ultra-thin film previously not possible. 
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[0179] First, insulating particle ink 2 is adopted in a modified ink-jet printer, and a 
pattern (this embodiment is printed as shown in FIG. 5D) created by computer is applied 
by printing on the anode. After printing, to dry the solvent and induce polymerization 
(chemical cross-linking), drying and polymerization is carried out for 12 hours at 120®C 
under vacuum pressure while exposing to ultraviolet light amidst a black light, and the 
insulating particles are fixed onto the anode and within the electrolyte layer to complete 
the electrolyte layer. 

[0180] Next, an electrolyte layer is formed on the abovementioned anode, the cathode 
mapped as in abovementioned B is laminated and stored in a laminate pack as the battery 
casing to form a polymer gel electrolytic polymer battery. In addition, in the 
abovementioned laminate pack, aluminum is used laminated by a polypropylene film. 
[0181] Embodiment 4, A polymer gel electrolytic polymer battery is mapped using the 
anode, cathode, insulating particle ink 4, and electrolyte ink described in section B 
(polymer battery). 

[0182] First, insulating particles and polymer gel electrolyte (electrolyte polymer) are 
separately applied to one side of the anode mapped as in abovementioned B, using the 
insulating particle ink 4 and electrolyte ink adjusted as in abovementioned B, to form a 1- 
jim-thick electrolyte layer on the anode. The abovementioned electrolyte layer is formed 
by separately distributing insulating particles and polymer gel electrolyte on the anode by 
means of an ink-jet printer using insulating particle ink 4 and electrolyte ink so that the 
porosity of the interstitial spacess between the insulating particles provided between the 
anode and cathode becomes 70%. Specifically, using an ink-jet printer, insulating 
particles and polymer gel electrolyte are formed by applying the arrangement shown in 
FIG. 5B. 

[0183] Specifically, this is carried out by the following procedure using prepared 
insulating particle ink 4, electrolyte ink, and a commercially available ink-jet printer. In 
addition, when the abovementioned insulating particle ink 4 and electrolyte ink are used, 
there is a problem in which acetonitrile, which is a solvent, dissolves the plastic parts in 
each ink feeder of the two ink cartridges of the ink-jet printer. Therefore, printing is 
carried out by a printer in which the following modifications have been made. In other 
words, parts in each ink feeder are replaced with metallic parts, and insulating particle ink 
4 as well as electrolyte ink are variously supplied directly from each ink holder to each 
metallic part. Furthermore, insulating particles are uniformly sprinkled in insulating 
particle ink 4, and to ensure that the insulating particles do not settle, the ink holder for 
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the insulating particle ink 4 is continuously agitated using rotary blades. Moreover, the 
ink-jet printer is controlled by a commercially available computer and software. In this 
embodiment, the electrolyte layer is printed as a l-jim-thick ultra-thin film, which was 
not previously achievable. 

[0184] First, insulating particle ink 4 and electrolyte ink are separately fed into the two 
ink cartridges of the modified ink-jet printer, and a pattern (printed as shown in FIG. 5B 
of this embodiment) created on a computer is printed onto the anode using insulating 
particle ink 4 and electrolyte ink. After printing, to dry the solvent and induce 
polymerization (chemical cross-linking), drying and polymerization are carried out for 12 
hours at 120°C under vacuum pressure while exposing to ultraviolet light amidst black 
light, and the insulating particles are fixed onto the anode and within the electrolyte layer, 
thereby completing the electrolyte layer. 

[0185] Next, an electrolyte layer is formed on the abovementioned anode, and the 
cathode mapped as in abovementioned B is laminated and stored in a laminate pack as the 
battery casing to form a polymer gel electrolytic polymer battery. In addition, in the 
abovementioned laminate pack, aluminum that has been laminated by polypropylene film 
is used. 

[0186] Comparative Example 1. For comparative examples, a polymer gel electrolyte- 
type polymer battery (See FIG. 5C) using conventional separators with minimum 
thickness, which does not have insulating microparticles as the substitute separator 
material, was formed. 

[0187] Specifically, electrolyte ink described in section B was applied to impregnate a 
porous membrane separator with a PE single layer construction having 40% porosity and 
15-nm thickness as a conventional separator, and was dried to form a 15-|im-^hick 
electrolyte layer. 

[0188] Next, sequentially laminate the anode described in section B, the electrolyte layer, 
and the cathode described in section B, and store them in a laminate pack as the battery 
casing to form a polymer gel electrolytic polymer battery. 
[0189] Evaluation. 

[0190] 1. Battery Pressure Test. The barrel of the battery (central section of the battery) 
is subjected to 5 kg/cm^ of pressure, and the battery is checked for short-circuiting due to 
contact between the anode and cathode. 

[0191] 2. Charge-Discharge Cycle Test. Charge-discharge cycle tests are performed in 
(100) cycles on various batteries mapped according to Embodiments 1—4 and 
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Comparative Example 1. Conditions for the cycle in the charge-discharge cycle test 
consist of charging by IC constant electric current up to 4.2 V, pausing for 10 minutes, 
discharging by IC constant electric current to 2.5 V, and pausing for 10 minutes to 
complete one cycle. Testing is performed at room temperature (approx. 25''C) without 
controlling the temperature. 

[0192] 3. Evaluation of Output Characteristics. The battery voltage v^as charged to 
3.7 V, a discharge current appropriate for IC, 2C, and 3C was applied, and the output was 
estimated based on internal resistance calculated from the drop in voltage at that time. At 
that time, the battery was operated at a temperature of 25°C in a thermostatic chamber. 
[0193] 4, Evaluation Results. In the battery pressure test using the conventional 
separator in Comparative Example 1, it was confirmed that the separator functioned, the 
anode and cathode did not come into contact, and problems such as short-circuiting did 
not occur. 

[0194] Fiuthermore, using the conventional separator in Comparative Example 1, battery 
output characteristics are checked to see whether output is lower compared to the 
batteries in Embodiments 1-4, which have greater internal resistance, because the 
electrolyte layer is thicker than that of the batteries in Embodiments 1-4. 
[0195] Furthermore, durability of the conventional separator was sufficient; by the end of 
the charge-discharge test of the constant current cycle, there was no contact between the 
anode and cathode, and internal short-circuiting did not occur. 

[0196] For batteries in Embodiments 1-4, regardless of being able to achieve an ultra- 
thin film electrolyte layer (or distance between electrodes) that is impossible for 
conventional separators, we were able to confirm the achievement of functions as a 
separator. In other words, even when subjecting the battery to 5 kg/cm^ of pressure, there 
was no contact between the anode and cathode, and no problems such as short-circuiting 
occurred. 

[0197] Furthermore, even though the ultra-thin film electrolyte layer (or distance between 
electrodes) is dramatically thinner than a conventional separator, the durability 
performance of separator substitute materials was as good as that of a conventional 
separator, and the anode and cathode did not come into contact and internal short- 
circuiting did not occur until completion of 100 cycles of the charge-discharge test, as 
insulating particles maintained sufficient separator functions. 

[0198] Various embodiments of the invention have been described. These and other 
embodiments are within the scope of the following claims. 
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CLAIMS: 

1. A lithium ion battery comprising: 
a cathode; 

an anode; and 

an electrolyte layer formed between the cathode and the anode, 

wherein the cathode, the anode, and the electrolyte layer constitute a cell element, 

and 

wherein the electrolyte layer comprises an arrangement of insulating particles with 
a plurality of interstitial spaces therebetween, with electrolytes occupying at least some of 
the interstitial spaces. 

2. A battery according to claim 1, wherein the insulating particles are placed 
between the cathode and the anode so that the facing sides of the cathode and the anode 
do not contact each other. 

3. A battery according to claim 1, wherein a void ratio of the interstitial spaces to the 
insulating particles in the electrolyte layer is 50-90%. 

4. A battery according to claim 1, wherein a mean radius of the insulating particles is 
0.05-10 Mm. 

5. A battery according to claim 1, wherein a thickness of the electrolyte layer is 10 
pm or less. 

6. A battery according to claim 1, wherein the electrolyte layer is a solid electrolyte 
layer. 

7. A battery according to claim 1, wherein the insulating particles comprise olefin 
resins. 

8. A battery according to claim 1, wherein the insulating particles are inorganic 
oxides. 
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9. A battery according to claim 1, wherein the cathode comprises a cathode active 
material that is formed using lithium-transition metal composite oxides, and wherein the 
anode comprises an anode active material that is formed using carbon- or lithium- 
transition metal composite oxides. 

10. A method for manufacturing a battery comprising: 

applying insulating particles and an electrolytic polymer to form an electrolyte 
layer, wherein the electrolytic polymer occupies at least some of a plurality of interstitial 
spaces between the insulating particles; and 

layering the electrolyte layer between a cathode and an anode, wherein the 
cathode and the anode are facing each other. 

11. The method according to claim 10, wherein the electrolyte layer is formed by 
applying the insulating particles and the electrolytic polymer through a nozzle of an ink- 
jet printer. 

12. The method according to claim 10, wherein the insulating particles and 
electrolytic polymer are applied simultaneously to form a solid electrolyte battery. 

13. The method according to claim 10, wherein the insulating particles and 
electrolytic polymer are applied separately to form a solid electrolyte battery. 

14. The method according to claim 10, wherein the thickness of the electrolyte layer is 
10 pm or less. 
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15. A battery assembly comprising multiple connected batteries, wherein each of the 
connected batteries comprises: 

layered cell elements including a cathode and an anode that are facing each other; 

and 

an electrolyte layer between the cathode and the anode, 

wherein lithium ions can be inserted into and removed from the cathode and the 

anode through the electrolyte layer, 

wherein the electrolyte layer comprises insulating particles and electrolytes, and 
wherein the electrolytes occupy at least some of a plurality of interstitial spaces 

between the insulating particles. 

16. A vehicle having a battery assembly comprising multiple connected batteries 
mounted as a power supply for a drive train of the vehicle, wherein each of the connected 
batteries comprises: 

layered cell elements including a cathode and an anode that are facing each other; 
and an electrolyte layer between the cathode and the anode, 

wherein lithium ions can be inserted into and removed from the cathode and the 
anode through the electrolyte layer, and 

wherein the electrolyte layer comprises insulating particles and electrolytes 
positioned such that the electrolytes occupy at least some of a plurality of interstitial 
spaces between the insulating particles. 

17. A method of manufacturing a lithium ion battery comprising: 
applying insulating particles on a substrate with a first coating means; 

applying an electrolytic polymer in at least some of a plurality of interstitial 
spaces between the insulating particles with a second coating means to form an 
electrolyte layer; and 

layering the electrolyte layer between a cathode and an anode. 

18. The method of claim 17, wherein the cathode and the anode are facing each other. 

19. The method of claim 18, wherein lithium ions can be inserted into and removed 
from the cathode and the anode through the electrolyte layer. 
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LITHIUM-ION BATTERY AND METHOD FOR ITS MANUFACTURE 



ABSTRACT 

A lithium ion battery with cell elements includes a cathode, an anode, and an 
electrolyte layer between the cathode and the anode. The electrolyte layer includes an 
arrangement of insulating particles with a plurality of interstitial spaces therebetween, 
with electrolytes occupying at least some of the interstitial spaces. 
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